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Abstract.

Objective: To describe the clinical outcomes of Covid-19 in a raciall diverse sample from the US Southeast and
examine the association of renin-angiotensin-aldosterone system (RAAS) inhibitor use with Covid-19 outcome.
Design, Setting, Participants: This study is a retrospective cohort of 1,024 patients with reverse-transcriptase—
polymerase-chain-reaction-confirmed Covid-19 infection, admitted to a 1,242-bed teaching hospital in
Alabama. Data on RAAS inhibitors use, demographics and comorbidities were extracted from hospital medical
records.

Primary Outcomes: in-hospital mortality, a need of intensive care (ICU), respiratory failure, defined as
invasive mechanical ventilation (iMV), and 90-day same-hospital readmissions.

Results: Among 1024 patients (mean [SD] age, 57 [18.8] years), 532 [52.0%] were African Americans, 514
[50.2%] male, 493 [48.1%] had hypertension,356 [35.6%] were taking RAAS inhibitors. During index
hospitalization (median length of stay of 7 (interquartile range [4-15]) days) 137(13.4%) patients died;
170(19.2%) of survivors were re-admitted. RAAS inhibitor use was associated with lower in-hospital mortality
(adjusted hazard ratio, 95%CI [0.56, (0.36-0.88), P=0.01) and no effect modification by race was observed (P
for interaction = 0.81). Among patients with hypertension, baseline RAAS use was associated with reduced risk
of iIMV, adjusted odds ratio, 95% CI [aOR=0.58, 95%CI (0.36-0.95), P=0.03]. Patients with heart failure were
twice as likely to die from Covid-19, compared to patients without heart failure.

Conclusions: Among racially diverse patients, hospitalized with Covid-19, pre-hospitalization use of RAAS

inhibitors was associated with 40% reduction in mortality irrespective of race.
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Article summary.

Strength and limitations.

e This study background was based on multiple questions on RAAS safety, raised by the
community of the primary care physicians and patients in the beginning of the COVID-19
pandemic.

e Among racially diverse patients, hospitalized with Covid-19, pre-hospitalization use of RAAS
inhibitors was associated with 40% reduction in mortality.

e Pre-hospitalization RAAS use did not increase the risk of admission to intensive care or same

hospital readmissions.
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Introduction.

The United States has experienced an unprecedented public health crisis with the Covid-19 pandemic.!
Persons with cardiovascular and metabolic disease are at increased risk for mortality and morbidity from Covid-
1923, Cardiovascular disease and diabetes mellitus are highly prevalent among US adults, with 45% of adults
having HTN, 13% - diabetes mellitus, 6.7% - coronary artery disease, and 2.4% - heart failure®. These same
chronic conditions disproportionally affect adults in the Southeast compared to other parts of the US®. Patients
with hypertension, heart failure, diabetes, and chronic kidney disease are often prescribed renin-angiotensin-
aldosterone system (RAAS) inhibitors, i.e., angiotensin converting enzyme inhibitors (ACEi) or aldosterone
receptor blockers (ARBs). In animal studies, performed prior to the emergence of Covid-19, ACEi were found
to increase the expression of ACE2 receptors.” The severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) binds to ACE2 receptors in lungs®, leading to concerns about potential risks of utilizing RAAS
inhibitors in the setting of Covid-19. While subsequent studies have demonstrated the safety of RAAS inhibitor
use among persons with Covid-19 and indication for RAAS use®-!!, the association of RAAS use with hospital

readmission after the index Covid-19 admission is not well described.

Most of reports!? describing the associations of pre-existing use of RAAS inhibitors with COVID-19
outcomes, were obtained in White or Asian, not African American populations. Compared to Whites, African
Americans have high incidence of RAAS inhibitor adverse effects'3. Disprortinaly affected by muttiple health
disparities, African Americans have also been shown to have an increased risk of severe COVID-19, requiring
hospitalization'4. Persons of African decent were at higher risk of contracting COVID-19 in the largest to date

cohort study of the Covid-19 susceptibility in England'>.

To better understand the association of baseline RAAS inhibitor use with outcomes of Covid-19
hospitalization, we assembled an observational retrospective cohort of racially diverse hospitalizred patients
with laboratory-confirmed Covid-19 in Alabama. We examined whether baseline RAAS inhibitor use was

associated with Covid-19 health outcomes, including 1) in-hospital mortality, 2) need for Intensive Care Unit
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(ICU) admission 3) acute respiratory failure requiring intubation and mechanical ventilation (iMV), and 4)
same-hospital readmission for any cause among survivors of the Covid-19 index hospitalization. We assessed

whether the association between RAAS inhibitor use and mortality differed by race.

Methods.
Study participants and procedures.

This observational retrospective cohort study included 1024 adult (age 18 and above) patients
hospitalized with confirmed Covid-19 between March 1 and September 16, 2020 at the University of Alabama
at Birmingham (UAB) teaching hospital in Birmingham, Alabama. Covid-19 cases were confirmed by reverse-
transcriptase polymerase chain-reaction testing (rt-PCR). We electronically extracted patient data from our
institution's Electronic Health Record (EHR; Cerner) data warehouse (i2B2) supplemented by manual chart
review. Data were prepared for analyses by the COVID Core data Extraction/Transformation team using Oracle
SQL developer (v.11.2). For each of the patients with lab-confirmed Covid-19, encounter data for the index
admission were obtained, including admission date, date of the earlist positive rt-PCR for Covid-19 and death or
discharge date. Additionally, the admission/discharge dates for all subsequent outpatient and inpatient
encounters were extracted. Dates of death after the index hospitalization were also electronically extracted. For
each of the hospital readmissions (n=172) a manual chart review was conducted to confirm admission/discharge
dates. For each of the deaths (n=16) that occurred after index hospitalization we conducted manual chart review
for confirmation. From the initial sample of 1029 patients, we excluded 5 patients with missing index
admission dates or missing dates of birth. The study procedures were approved by the UAB Institutional
Review Board.

Patient and public Invelvement.
No patient involved.
Outcomes and main exposure.
Study outcomes included in-hospital Covid-19-related mortality, need for the ICU admission, respiratory

failure defined by a need for invasive mechanical ventilation, and same-hospital readmission for any cause after
5
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the index hospitalization. First cases of the Covid-19 were detected in Birmingham after March 1, 2020. The
cases were very slowly increasing over the spring of 2020, with a sharp surge 10-14 days after July 4, 2020.
After the initial surge, Covid-19 cases declined slightly in August 2020, but then started to rise constantly,
achieving an unprecented spike in December-January 2021 (data not included in this report). The UAB ICU
neared bur did not exceed the capacity. During the first surge of Covid-19 cases in July 2020, UAB Hospital has
implemented a delayed intubation stategy, favoring treating Covid-19 respiratory failure with supplemental
oxygen, delivered via high flow nasal canula. Therefore, all analyses of respiratory failure were adjusted for the
time of the index admission for Covid-19 (before vs. after July 15, 2020).

Data on RAAS inhibitor included the use of ACEi and ARBs prior to the index Covid-19
hospitalization, and were derived from the index admission medication reconciliation data in the EHR. If
patients were taking a combination medicine that included an ACEi or ARB as one of the components, they
were classified as having been prescribed ACEi/ARB in the analysis.

Covariates.

Covariates were selected on the basis of the risk factors for severe Covid-19 infection identified by the
Centers for Disease Control and Prevention and previous reports on Covid-19 morbidity and mortality 6-19,
Patient socio-demographic characteristics included age at the index admission (calculated, using birth and
admission dates) and self-reported race, sex, marital status, and cigarette smoking status. We created age
categories as follows: 18-40, 41-64, 65-74, and 75 years and older. Body mass index (BMI) was calculated
using height and weight obtained most recenty prior to the index Covid-19 admission. BMI categories
included: “underweight” is less than 18.5 kg/m?, “normal weight” 18.5-24.9 kg/m?, “overweight” 25-29.9 kg/m?
and “obese” 30 kg/m?, and above. We obtained data on comorbidities, including hypertension, coronary artery
disease, diabetes, chronic obstructive pulmonary disease (COPD), heart failure, chronic kidney disease, HIV,
sickle cell disease, and history of solid organ transplant using corresponding ICD-10 codes.

Statistical Analysis.
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Patients with Covid-19 who were prescribed RAAS agents at baseline were compared to those who were
not prescribed RAAS, using two-sided t-tests for continuous variables and Chi-square tests for categorical
variables. We examined the association of RAAS inhibitors use with the study outcomes in three different
samples: 1) overall sample, 2) patients with any indication for RAAS use, such as hypertension, diabetes,
chronic kidney disease, coronary artery disease, and heart failure and 3) patients with hypertension. Outcomes
were assessed with unadjusted and multivariable models. To examine the association of in-hospital mortality
from Covid-19 with baseline RAAS inhibitor use we constructed Cox proportional hazards regression models
adjusted for age, sex, race, marital status, smoking, BMI, and medical conditions. We created an interaction
term between RAAS use and race to test for effect modification by race in the fully adjusted models of Covid-
19 in-hospital mortality. The need for ICU and the presence of respiratory failure were examined separately in
logistic regression models with adjustment for the same patient characteristics and for the time of admission

(before vs. after July 15, 2020).

We examined the charts of the survivors of the index Covid-19 admission post-discharge for a same-
hospital readmission for any cause using medical records. The EHR data were abstracted for any subsequent in-
hospital and outpatient encounter after the index hospitalization and UAB hospital readmission dates were
extracted. The time to reamission was calculated using index discharge data and readmission date. To examine
the association between baseline RAAS use and readmissions we used the Fine and Gray Model to account for
competing risk of death in the post-discharge period that was adjusted for the same patient characteristics. The
proportionality assumption was tested and satisfied in the Cox proportion hazards models. All statistical
analyses were performed in SAS software (SAS Institute, Cary, NC) version 9.4,

Results.

Among 1024 patients, admitted to UAB hospital with Covid-19 (mean [SD] age, 57 [18.8] years), 532

[52%] were African American, 514 [50 %] were male, 493 [48 %] had hypertension, 323 [32 %] had heart

failure, 487 [48 %] were obese, 210 [20.5%] had diabetes and 98 [11 %] were current smokers (Table 1). There
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were 356 [36%] patients taking RAAS inhibitors at baseline. Patients with baseline RAAS use were older, more

likely to be African American, and had more comorbidities.

The median length of stay (LOS) for the index Covid-19 hospitalization was 7 days, [interquartile range
(IQR) 4-15 days]. Maxiumun LOS was 175 days. Sixty percent of included Covid-19 cases were admitted after
the initial surge in Birmingham, between July 15 and September 16, 2020. During the index hospitalization,
137 (13.4%) patients died. Additionally, 16 (1.8%) patients died from any cause post-discharge, either during a
hospital readmission or out of the hospital. Cumulative all-cause mortality included 153 (14.9%) deaths. At the
time of the cohort assembly on September 16, 2020, 23 patients remained in the hospital. During the index
hospitalization 466 (45.5%) patients required ICU care, and 276 (27%) persons required iMV. The proprortion
of patients who were intubated was higher in the early period, before July 15, compared to the period of after
July 15,2020, when placing the patient with respiratory failure on high flow nasal canalula became a preferred

treatment strategy: 201 [32.4%] vs. 75 [ 18.6], P <.001.

In-hospital Covid-19 mortality and RAAS use.

The median time to death was 13 days [IQR 6-20 days]. In the overall study sample, baseline RAAS
inhibitor use was significantly associated with reduced risk of in-hospital mortality (adjusted hazard ratio [aHR]
0.56, 95% confidence interval [95%CI] 0.36-0.88], P=0.01, after adjustment for all covariates) (Figure 1). A
similar protective effect of RAAS inhibitor use on mortality was observed among patients with any indication
for RAAS inhibitor use (aHR [95%CI] for RAAS inhibitor use 0.59, 95%CI 0.37-0.94, P=0.03) and among
patients with hypertension (aHR for RAAS use 0.54, 95%CI 0.33-0.90, P=0.02). We did not observe effect
modification by race in the overall sample; the RAAS inhibitor use*race interaction term had associated P=
0.81. Compared to Whites, African American race was not associated with in-hospital mortality from Covid-19

in the adjusted model (aHR 0.88, 95% CI 0.60-1.29, P for trend 0.55) (Table 2).
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Other factors associated with increased cumulative mortality in our sample included age 65-74 years
(aHR 3.67 [95%CI 1.85-7.31]), age 75 years and older (aHR 4.89 [95%CI 2.36-10.14]), obesity (aHR 2.10
[95%CI 1.34-3.29]), and pre-existing heart failure (aHR 1.88 [95%CI 1.20-2.94]) (Table 2).

Covid-19 in-hospital events and RAAS inhibitor use.

RAAS inhibitor use was not associated with the need for ICU in all analyses (Figure 2.) In the overall
patient sample, RAAS use was not associated with iMV, aOR 0.71[95%CI 0.48-1.06] (Figure 3). In contrast,
among patients with hypertension, baseline RAAS inhibitor use was significantly associated with reduced odds
of iIMV after adjustment for covariates (aOR 0.58 [95%CI 0.36-0.95], P=.03). African Americans, admitted
with Covid-19, were more likely to have respiratory failure, requiring iMV: aOR 1.58 [95%CI 1.01-2.31],
P=.02. Another factors, associated with the increased risk of iMV for the Covid-19-related respiratory failure,
included current cigarette smoking (aOR 1.80 [95%CI 1.08-3.02], P=.03), pre-existing heart failure (aOR 2.32
[95%CI 1.45-3.71], P <.001) and being admitted to UAB before July 15, 2020 (aOR 1.97 [95%CI 1.39-2.79], P
<.0010.

Same-hospital 90-day readmissions among Covid-19 survivors.

Over a median follow up of 51 [IQR 28-82] days, 170 (19.2%) of 887 discharged patients were
readmitted to the same hospital for any cause (Table 1). Since the index discharge, among those who were re-
hospitalized, the median time to readmission was 10 days [IQR 4-29 days]. The proportion of persons with
same-hospital readmission among those with baseline RAAS inhibitor use was 23.5%, compared to 16.7%
among those who were not prescribed RAAS inhibitors (P=0.01) (Table 1). In the fully adjusted Cox
proportional models, accounting for death as a competing risk, baseline RAAS agent use was not associated
with readmissions (Table 3). Compared to White patients, patients of the Hispanic/Latino/Asian or other
race/ethnicity were less likely to be readmitted (aHR 0.42, 95% CI 0.20-0.90). African-American race was not
statistically significantly associated with hospital readmission (aHR 1.11, 95% CI 0.78-1.60). Among the
chronic medical conditions only diabetes was significantly associated with higher risk for same-hospital

readmission after the index Covid-19 admission (aHR 1.56, 95%CI 1.02-2.94).
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Discussion.

This study presents data from 1024 patients with Covid-19 admitted to a teaching hospital in Alabama.
Results of this study supports the safety of maintaining patients with chronic conditions on ACEis and ARBs
during the Covid-19 pandemic and expands previous reports by demonstrating the protective effect of the
ACEi/ARB from mortality in a racially diverse sample of patients with Covid-19. Among patients with
hypertension, the use of ACEi/ARB prior to contracting Covid-19 was associated with a reduction in the
likelihood of endotracheal intubation by nearly 40%. Further, ACEi/ARB use was not independently associated
with greater need for ICU—level care or with an increase in the same-hospital readmissions.

Baseline use of ACEi/ARB was associated with 40% lower in-hospital mortality in patients with Covid-
19, after controlling for potential confounders such as age, sex, race, obesity, smoking, and chronic medical
conditions. These results were similar in the sample of patients who had any indication for RAAS inhibitors,
and in patients with hypertension. Previous research has shown no association between the use of RAAS
inhibitors and susceptibility to the Covid-19,?° and has demonstrated the safety of continuing these medications
during the pandemic!®!2!, Our study expands on previous findings by demonstrating both safety and reduction
in Covid-19-related mortality, associated with RAAS inhibitor use in a racially diverse sample where 50% of
patients were African American.

Half of the patients hospitalized with the Covid-19 infection in our sample were African Americans,
whereas the proportion of African Americans in Alabama is only 26.7%. This finding highlights the racial
disparity in the Covid-19 pandemic, in which a higher proportion of African Americans who developed severe
Covid-19 infection, requiring hospitalization??, compared to Whites. African American were also more likely
to require iMV in our study. However, similar to other studies of COVID-19 outcomes in the US?3, race was not
an independent predictor of death or hospital readmission in our study.

Our findings confirmed previous data that advanced age, obesity, and comorbidities are associated with
death from Covid-19 1624, Importantly, more than 30% of our patient sample admitted with severe Covid-19 had

pre-existing heart failure, a rate almost ten times higher than the prevalence of heart failure in the general

10
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population. Heart failure was also the only chronic condition, in addition to age and obesity in our sample, that
was independently associated with increased in-hospital mortality from complications related to Covid-19.
Patients with heart failure were also at increased risk of developing respiratory failure, requiring iMV. Patients
with heart failure represent a particularly vulnerable group requiring special attention from healthcare to reduce
mortality and morbidity from the Covid-19%3 26,

The rate of same-hospital readmissions among Covid-19 survivors was 19%, similar to a recent study of
the patients with Covid-19, treated in the Veterans Affairs hospital system?’ but higher, compared to other
reports estimating that only 3-10% of patients were re-hospitalized after the index Covid-19 admission?®?°. The
high rates of hospital readmission in our study sample may be explained by the high level of chronic disease
prevalence and worse general health in the general population of Alabama. Importantly, diabetes was
significantly associated with increased re-admission risk among Covid-19 survivors. Alabama has the third
highest prevalence of diabetes among adults (14%) in the United States, according to the National Diabetes
Statistics Report-2020 by the Centers of Disease Control. Our findings are likely to extend to states with a
similar high prevalence of diabetes mellitus and underscore the importance of close outpatient follow-up of this
at risk population.

Study limitations include limited geographical area and single hospital site. The data on out- of-hospital
mortality and same-hospital readmissions may be incomplete as some Covid-19 patients may have been
readmitted to other area hospitals. On average 30% of patients originally admitted to the UAB hospital can be
re-admitted to other hospitals. The strengths of the study include a large racially diverse sample from the US
Southeast, a region disproportionally affected by the Covid-19 and high prevalence of multiple medical
comorbidities. We were able to develop a robust approach to extraction of data from medical records and

assemble a cohort of the patients with Covid-19.

In conclusion, the use of RAAS inhibitors was associated with decreased in-hospital mortality from
Covid-19 in this racially diverse sample. The RAAS inhibitors use was not associated with ICU-level care or

hospital readmissions in the cohort of patients with Covid-19, while patients with diabetes were at a high risk
11
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for same-hospital readmission. Among patients with hypertension, baseline RAAS inhibitor use was associated
with a reduced risk of invasive mechanical ventilation. This study supports the continuation of RAAS inhibitors

during the Covid-19 pandemic.
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Figure Legends.

Figure 1. Covid-19 In-Hospital Mortality, Hazard Ratio, 95% Confidence Intervals for ACEi/ARB

Use.

Legend. Figure 1 presents crude and adjusted hazards ratios and 95% confidence intervals for in-hospital
Covid-19 mortality. Indications for ACEi/ARB use included hypertension, chronic kidney disease, coronary
artery disease, diabetes and heart failure. Overall model adjusts for age, race, sex, marital status, smoking, BMI
categories, and medical conditions: hypertension, chronic kidney disease, coronary artery disease, diabetes,
heart failure, HIV, COPD, history of solid organ transplant. Among those with indication for RAAS inhibitor,

model adjusts for age, race, sex, marital status, smoking, BMI categories, and medical conditions: HIV, COPD,
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history of solid organ transplant. Among those with hypertension, model adjusts for age, race, sex, marital
status, smoking, BMI categories, and medical conditions: chronic kidney disease, coronary artery disease,

diabetes, heart failure, HIV, COPD, history of solid organ transplant.

Figure 2. Intensive Care Use, Odds Ratio, 95% CI for ACEi/ARB Use.

Legend: Figure 2 presents crude and adjusted odds ratios and 95% confidence intervals for in-hospital
Covid-19 mortality. Indications for ACEi/ARB use included hypertension, chronic kidney disease, coronary
artery disease, diabetes and heart failure. Overall model adjusts for age, race, sex, marital status, smoking, BMI
categories, and medical conditions: hypertension, chronic kidney disease, coronary artery disease, diabetes,
heart failure, HIV, COPD, history of solid organ transplant. Among those with indication for RAAS inhibitor,
model adjusts for age, race, sex, marital status, smoking, BMI categories, and medical conditions: HIV, COPD,
history of solid organ transplant. Among those with hypertension, model adjusts for age, race, sex, marital
status, smoking, BMI categories, and medical conditions: chronic kidney disease, coronary artery disease,

diabetes, heart failure, HIV, COPD, history of solid organ transplant.

Figure 3. Respiratory Failure, requiring Invasive Mechanical Ventilation, Odd Ratio, 95%

Confidence intervals, for ACEi/ARB Use

Legend. Indications for ACEi/ARB use include hypertension, chronic kidney disease, coronary artery
disease, diabetes and heart failure. Overall model adjusts for age, race, sex, marital status, smoking, BMI
categories, and medical conditions: hypertension, chronic kidney disease, coronary artery disease, diabetes,
heart failure, HIV, COPD, history of solid organ transplant, time of admission (before vs. after July 15, 2020).
Among those with indication for RAAS inhibitor, model adjusts for age, race, sex, marital status, smoking, BMI
categories, and medical conditions: HIV, COPD, history of solid organ transplant, time of admission (before vs.
after July 15, 2020). Among those with hypertension, model adjusts for age, race, sex, marital status, smoking,
BMI categories, and medical conditions: chronic kidney disease, coronary artery disease, diabetes, heart failure,

HIV, COPD, history of solid organ transplant, time of admission (before vs. after July 15, 2020).
14
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Table 1. Characteristics of patients, admitted to UAB hospital with Covid-19, between March 1 and September 16, 2020

Overall sample, No ACEI/ARB Use, ACEi/ARB use, P-value

n=1024 n=659 n=365
n, (%) n, (%) n, (%)
Socio-Demographics
Age, mean, SD, years 57.0 (18.8) 53.3 (19.7) 63.7 (14.9) <0.001
Age, categories, years <0.001
18-40 241 (23.5) 211 (32.0) 30 (8.2)
41-64 395 (38.6) 234 (35.5) 161 (44.1)
65-74 202 (19.7) 110 (16.7) 92 (25.2)
75 and older 186 (18.2) 104 (15.8) 82 (22.5)
Race <0.001
White 384 (37.5) 254 (38.5) 130 (35.6)
African American 532 (52.0) 318 (48.3) 214 (58.6)
Hispanic or Latino 63 (6.2) 57 (8.6) 6 (1.6)
Other 0(2.0) 12 (1.8) 8(2.2)
Declined to report 25 (2.4) 18 (2.7) 7(1.9)
Male 514 (50.2) 319 (48.4) 195 (53.4) 0.12
Married 414 (40.4) 270 (41.0) 144 (39.5) 0.64
Smoking status 0.09
Never 533 (59.6) 344 (62.3) 189 (55.1)
Current 98 (10.9) 58 (10.5) 40 (11.7)
Former 264 (29.5) 150 (27.2) 114 (33.2)
Comorbidities
Body Mass Index (BMI), kg/m2: 0.24
Underweight, BMI < 18.5 27 (2.7) 16 (2.5) 11 (3.1)
Normal Weight, BMI=18.5-24 227 (22.5) 159 (24.5) 68 (18.9)
Overweight, BMI=25-30 268 (26.6) 168 (25.8) 100 (27.9)

Obese, BMI =30 and above 487 (48.3) 307 (47.2) 180 (50.1)
Hypertension 493 (48.1) 204 (31.0) 289 (79.2) <.001
Coronary Artery Disease 340 (33.2) 149 (22.6) 191 (52.3) <.001
Diabetes 210 (20.5) 71(10.8) 139 (38.1) <.001
COPD 138 (13.5) 52 (7.9) 86 (23.6) <.001
Heart Failure 323 (31.5) 131 (19.9) 192 (52.6) <.001
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Chronic Kidney Disease 325(31.7) 139(21.1) 186(51.0) <.001
1
2 HIV 75 (7.3) 24 (3.6) 51 (14.0) <.001
3
4 Sickle Cell Disease 10 (1.0) 7(1.1) 3(0.8) 0.71
5 Recipient of solid organ 40 (3.9) 16 (2.4) 24 (6.6) 0.001
g transplant
8
9
10 Vital signs on presentation
:; Fever, Tmax > 100.4 °F 343 (34.0) 223 (34.5) 120 (33.1) 0.64
13 SBP, mean, SD, mmHg 128.5 (18.2) 126.5 (17.1) 132.1 (19.5) <0.001
14
15 SBP < =100 mmHg 311 (30.8) 207 (32.0) 104 (28.6) 0.25
16
17 Heart rate >100 beat/min 515 (50.6) 357 (54.7) 158 (43.4) 0.001
18 Respiratory rate => 22 622 (61.2) 403 (61.7) 219 (60.3) 0.66
19 breath/min
20
21 Laboratory data on presentation,
22 mean, SD
23
24 Leukocytes x10° cells/L 8.5 (4.9) 8.9 (5.2) 7.9 (4.0) 0.002
2
22 Platelets x10° cells/L 227.4(101.1) 235.1(111.8) 213.3(76.0)  0.002
;; Serum creatinine, mg/dL 1.7 (2.0) 1.3 (1.3) 2.2(2.7) <0.001
29 Aspartate aminotransferase 88.3(484.8) 90.0(502.6) 85.3(453.2) 0.91
30 U/L
31
32 Alanine aminotransferase U/L 53.4(193.8) 54.9(172.6) 50.9(225.4) 0.81
2431 Total Bilirubin, mg/dL 0.8 (1.1) 0.9 (1.3) 0.7(0.6) 0.11
35 In-hospital Events*
36
37 Admission after July 15, 2020 621 (60.6) 398(60.4) 223(61.1) 0.83
38
39 Required Intensive Care Unit 466 (45.5) 287 (43.6) 179 (49.0) 0.09
2(1) Invasive mechanical ventilation 276 (27.0) 179 (27.2) 97 (26.6) 0.84
42 In-hospital Death 137(13.4) 96 (14.6) 41(11.2) 0.13
43
44 Post.-Dlscharge gvents among the n=877 n=563 n=324
45 survivors of the index admission
2? All-cause same-hospital 170 (19.2) 97 (16.7) 76 (23.5) 0.01
48 readmission (during March 1-
49 September 16,2020)
50 peath from any cause after 16(1.8) 9(1.0) 7(2.2) 0.54
51 index admission
52
53 Cumulative Mortality (death 153 (14.9) 105 (15.9) 48 (13.2) 0.23

54 during March 1-September
55 16,2020)
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Abbreviations: ACEi — Angiotensin-converting enzyme inhibitor, ARB — angiotensin receptor blocker, COPD — chronic
obstructive pulmonary disease, SBP- systolic blood pressure, SD — standard deviation

Table 2. Factors, associated with in-hospital mortality among patients with Covid-19,
admitted to UAB hospital, between March 1 and September 16, 2020. Multivariable-
adjusted Cox proportional hazards regression model.

HR 95% ClI P-value
ACEI/ARB Use 0.56 0.36 0.88 0.01
Age, years: <0.001
18-40 ref - - -
40-64 1.69 0.82 3.52
65-74  4.07 2.10 9.24
75 and older 5.53 2.52 12.14
Race: 0.55
African American 0.88 0.60 1.29
Hispanic/Latino/Asian/Other 0.68 0.32 1.45
White ref
Male 1.43 0.97 2.10 0.07
Married 0.91 0.63 1.34 0.64
Current Smoker 1.04 0.51 214 0.91
Body Mass Index, kg/m2: 0.001
<18.5 1.91 0.63 5.79
18.5-24 ref
25-29 1.39 0.81 2.37
30 and above 2.50 1.54 4.06
Hypertension 0.91 0.52 1.57 0.73
Coronary Artery Disease 0.78 0.57 1.20 0.26
Chronic Kidney Disease 0.87 0.54 1.38 0.54
Heart Failure 1.96 1.21 3.15 0.006
Diabetes 1.07 0.62 1.84 0.98
COPD 1.07 0.58 1.95 0.84
HIV 1.51 0.76 3.03 0.23
Solid organ transplant recipient 1.56 0.61 3.96 0.35

Abbreviations: ACEi — Angiotensin-converting enzyme inhibitor, ARB — angiotensin receptor blocker, Cl-confidence
interval, COPD — chronic obstructive pulmonary disease, HR- hazard ratio.
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Table 3. Factors associated with same-hospital readmission among patients with Covid-

1 19, between March 1 and September 16, 2020. Multivariable-adjusted Cox proportional
2 hazards regression model. Death after index admission is accounted as a completing
3 risk.

4

5 SHR 95% CI p-value
6

7 Use of ACEi/ARB 1.19 0.82 1.72 0.37
g Age, years: 0.23
1? 18-40 ref - - -
12 40-64 0.90 0.59 1.37

13

14 65-74 0.75 0.44 1.27

12 75andolder 054  0.29 1.01

17 Race: 0.04
18

19 African American 1.11 0.78 1.60

20

2 Hispanic/Latino/Asian/Other 0.42 0.20 0.90

22 White  ref

23

24 Male 1.01 0.71 1.43 0.95
25

26 Married 1.32 0.94 1.86 0.1
;; Current Smoker 070  0.40 1.20 0.19
29 Body Mass Index, kg/m2: 0.05
30

31 <18.5 1.20 0.53 2.71

32

33 18.5-24 ref

2‘5‘ 25-29 0.69 0.44 1.07

36 30 and above 0.59 0.39 0.90

37

38 Hypertension 0.84 0.51 1.38 0.48
23 Coronary Artery Disease 0.87 0.58 1.29 0.47
41 Chronic Kidney Disease 1.19 0.76 1.86 0.46
42

43 Heart Failure 1.41 0.92 2.16 0.1
Zg Diabetes 1.56 1.02 2.39 0.04
46 coPD 1.28 0.76 2.14 0.36
47

48 HIV 0.92 0.50 1.70 0.79
49

50 Solid organ transplant recipient 0.84 0.39 1.81 0.66
31 Abbreviations: ACEi — Angiotensin-converting enzyme inhibitor, ARB — angiotensin receptor blocker, Cl-confidence
gg interval, COPD - chronic obstructive pulmonary disease, SHR- sub-hazard ratio.
54  Bold p-value < .05
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Figure 1. Covid-19 In-Hospital Mortality, Hazard Ratio, 95% Confidence Intervals for ACEi/ARB Use.
Legend. Figure 1 presents crude and adjusted hazards ratios and 95% confidence intervals for in-hospital
Covid-19 mortality. Indications for ACEi/ARB use included hypertension, chronic kidney disease, coronary

artery disease, diabetes and heart failure. Overall model adjusts for age, race, sex, marital status, smoking,
BMI categories, and medical conditions: hypertension, chronic kidney disease, coronary artery disease,
diabetes, heart failure, HIV, COPD, history of solid organ transplant. Among those with indication for RAAS
inhibitor, model adjusts for age, race, sex, marital status, smoking, BMI categories, and medical conditions:
HIV, COPD, history of solid organ transplant. Among those with hypertension, model adjusts for age, race,
sex, marital status, smoking, BMI categories, and medical conditions: chronic kidney disease, coronary
artery disease, diabetes, heart failure, HIV, COPD, history of solid organ transplant.
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9 ICU Admission, Odds Ratio, 95% CI
10 for baseline ACEI/ARB use

12 14 1
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084 o
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Among patients _
2 041 Overall with indications for Among patients
22 ACEi/ARBs combined with HTN

Crude Adjusted Crude Adjusted Crude Adjusted

27 1.25(0.97-161) 0.81(0.58-1.14)  1.11(0.80-152) 102(0.71-1.48) 0.97(0.68-139) 0.82(0.54-1.26)

31 Figure 2. Intensive Care Use, Odds Ratio, 95% CI for ACEi/ARB Use.
32 Legend: Figure 2 presents crude and adjusted odds ratios and 95% confidence intervals for in-hospital
33 Covid-19 mortality. Indications for ACEi/ARB use included hypertension, chronic kidney disease, coronary
artery disease, diabetes and heart failure. Overall model adjusts for age, race, sex, marital status, smoking,
BMI categories, and medical conditions: hypertension, chronic kidney disease, coronary artery disease,
35 diabetes, heart failure, HIV, COPD, history of solid organ transplant. Among those with indication for RAAS
36 inhibitor, model adjusts for age, race, sex, marital status, smoking, BMI categories, and medical conditions:
37 HIV, COPD, history of solid organ transplant. Among those with hypertension, model adjusts for age, race,
38 sex, marital status, smoking, BMI categories, and medical conditions: chronic kidney disease, coronary
39 artery disease, diabetes, heart failure, HIV, COPD, history of solid organ transplant.
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Figure 3. Respiratory Failure, requiring Invasive Mechanical Ventilation, Odd Ratio, 95% Confidence
intervals, for ACEi/ARB Use
Legend. Indications for ACEi/ARB use include hypertension, chronic kidney disease, coronary artery disease,
diabetes and heart failure. Overall model adjusts for age, race, sex, marital status, smoking, BMI categories,
and medical conditions: hypertension, chronic kidney disease, coronary artery disease, diabetes, heart
failure, HIV, COPD, history of solid organ transplant, time of admission (before vs. after July 15, 2020).
Among those with indication for RAAS inhibitor, model adjusts for age, race, sex, marital status, smoking,
BMI categories, and medical conditions: HIV, COPD, history of solid organ transplant, time of admission
(before vs. after July 15, 2020). Among those with hypertension, model adjusts for age, race, sex, marital
status, smoking, BMI categories, and medical conditions: chronic kidney disease, coronary artery disease,
diabetes, heart failure, HIV, COPD, history of solid organ transplant, time of admission (before vs. after July
15, 2020).
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Reporting checklist for cohort study.
Based on the STROBE cohort guidelines.

Instructions to authors

Complete this checklist by entering the page numbers from your manuscript where readers will find

each of the items listed below.

Your article may not currently address all the items on the checklist. Please modify your text to
include the missing information. If you are certain that an item does not apply, please write "n/a" and

provide a short explanation.
Upload your completed checklist as an extra file when you submit to a journal.

In your methods section, say that you used the STROBE cohortreporting guidelines, and cite them

as.

von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke JP. The Strengthening
the Reporting of Observational Studies in Epidemiology (STROBE) Statement: guidelines for

reporting observational studies.

Page
Reporting Item Number

Title and abstract
Title #1a Indicate the study’s design with a commonly used term in the 2

title or the abstract

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#1a

oNOYTULT D WN =

Abstract

Introduction

Background /

rationale

Objectives

Methods

Study design

Setting

Eligibility criteria

Eligibility criteria

Variables

Data sources /

measurement

By
N
(o

#4

#6a

#6b

#8

BMJ Open

Provide in the abstract an informative and balanced summary

of what was done and what was found

Explain the scientific background and rationale for the

investigation being reported

State specific objectives, including any prespecified

hypotheses

Present key elements of study design early in the paper

Describe the setting, locations, and relevant dates, including
periods of recruitment, exposure, follow-up, and data

collection

Give the eligibility criteria, and the sources and methods of

selection of participants. Describe methods of follow-up.

For matched studies, give matching criteria and number of

exposed and unexposed

Clearly define all outcomes, exposures, predictors, potential
confounders, and effect modifiers. Give diagnostic criteria, if

applicable

For each variable of interest give sources of data and details
of methods of assessment (measurement). Describe

comparability of assessment methods if there is more than

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 26 of 29

n/a


https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#1b
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#2
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#3
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#4
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#5
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#6a
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#6b
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#7
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#8

Page 27 of 29 BMJ Open

one group. Give information separately for for exposed and

unexposed groups if applicable.

|=ﬁ:
©

Bias Describe any efforts to address potential sources of bias 5

oNOYTULT D WN =

B~ S
kN
o

9 Study size Explain how the study size was arrived at 4

H
AN
N

12 Quantitative Explain how quantitative variables were handled in the 5

variables analyses. If applicable, describe which groupings were

17 chosen, and why

T
kN
N

20 Statistical Describe all statistical methods, including those used to control for

| |

22 methods confounding

B~ S
kN
N

Statistical Describe any methods used to examine subgroups and 5

interactions

T |

31 methods

T
kN
N

34  Statistical Explain how missing data were addressed 5

36 methods

[¢) |

T
kN
N

39 Statistical If applicable, explain how loss to follow-up was addressed n/a

Q. |

methods

I+
kN
N

Statistical Describe any sensitivity analyses

[o] |

47 methods
50 n/a
53 Results

56 Participants 13  Report numbers of individuals at each stage of study—eg 6

58 a numbers potentially eligible, examined for eligibility, confirmed

60 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#9
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#10
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#11
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#12a
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#12a
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#12b
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#12b
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#12c
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#12c
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#12d
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#12d
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#12e
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#12e
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#13a
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#13a

oNOYTULT D WN =

Participants

Participants

n/a

Descriptive data

Descriptive data

Descriptive data

Outcome data

[ea

I
kN
w

[¢) |

—_
AN

|

RN
AN

(on

—_
AN

(@)

BMJ Open Page 28 of 29

eligible, included in the study, completing follow-up, and
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clinical, social) and information on exposures and potential
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Give information separately for exposed and unexposed groups if

applicable.
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Abstract.

Objective: To describe the clinical outcomes of Covid-19 in a racially diverse sample from the US Southeast
and examine the association of renin-angiotensin-aldosterone system (RAAS) inhibitor use with Covid-19
outcome.

Design, Setting, Participants: This study is a retrospective cohort of 1,024 patients with reverse-transcriptase—
polymerase-chain-reaction-confirmed Covid-19 infection, admitted to a 1,242-bed teaching hospital in
Alabama. Data on RAAS inhibitors use, demographics and comorbidities were extracted from hospital medical
records.

Primary Outcomes: In-hospital mortality, a need of intensive care (ICU), respiratory failure, defined as
invasive mechanical ventilation (iMV), and 90-day same-hospital readmissions.

Results: Among 1024 patients (mean [SD] age, 57 [18.8] years), 532 [52.0%] were African Americans, 514
[50.2%] male, 493 [48.1%] had hypertension, 365 [36%] were taking RAAS inhibitors. During index
hospitalization (median length of stay of 7 (interquartile range [4-15]) days) 137(13.4%) patients died;
170(19.2%) of survivors were re-admitted. RAAS inhibitor use was associated with lower in-hospital mortality
(adjusted hazard ratio, 95%CI [0.56, (0.36-0.88), P=0.01) and no effect modification by race was observed (P
for interaction = 0.81). Among patients with hypertension, baseline RAAS use was associated with reduced risk
of iMV, adjusted odds ratio, 95% CI [aOR=0.58, 95%CI (0.36-0.95), P=0.03]. Patients with heart failure were
twice as likely to die from Covid-19, compared to patients without heart failure.

Conclusions: Among racially diverse patients, hospitalized with Covid-19, pre-hospitalization use of RAAS

inhibitors was associated with 40% reduction in mortality irrespective of race.
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Article summary.

Strength and limitations.

e This study background was based on multiple questions on RAAS safety, raised by the
community of the primary care physicians and patients in the beginning of the COVID-19
pandemic.

e Other strengths of the study include a large racially diverse sample of patients with COVID-19
from the US Southeast and a robust approach to extraction of data from electronic health records.

e Observational retrospective nature of this study does not allow drawing causal inferences.

e The study included patients from a limited geographical area and a single hospital site.

e The data on out- of-hospital mortality and same-hospital readmissions may be incomplete as

some Covid-19 patients may have been readmitted to other area hospitals.
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Introduction.

The United States has experienced an unprecedented public health crisis with the Covid-19 pandemic.!
Persons with cardiovascular and metabolic disease are at increased risk for mortality and morbidity from Covid-
1923, Cardiovascular disease and diabetes mellitus are highly prevalent among US adults, with 45% of adults
having HTN, 13% - diabetes mellitus, 6.7% - coronary artery disease, and 2.4% - heart failure®. These chronic
conditions disproportionally affect adults in the Southeast compared to other parts of the US®. Patients with
hypertension, heart failure, diabetes, and chronic kidney disease are often prescribed renin-angiotensin-
aldosterone system (RAAS) inhibitors, i.e., angiotensin converting enzyme inhibitors (ACE1) or angiotensin
receptor blockers (ARBs). In animal studies, performed prior to the emergence of Covid-19, ACEi were found
to increase the expression of ACE2 receptors.” The severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) binds to ACE2 receptors in lungs®, leading to concerns about potential risks of utilizing RAAS
inhibitors in the setting of Covid-19. While subsequent studies have demonstrated the safety of RAAS inhibitor
use among persons with Covid-19 and indication for RAAS use®!!, the association of RAAS inhibitor use with

hospital readmission after the index Covid-19 admission is not well described.

Most of reports!? describing the associations of pre-existing use of RAAS inhibitors with COVID-19
outcomes were obtained in White or Asian, not African American populations. Compared to Whites, African
Americans have a high incidence of adverse effects of RAAS inhibitors 3. Disproportionally affected by
multiple health disparities, African Americans have also been shown to have an increased risk of severe
COVID-19, requiring hospitalization'4. Persons of African descent were also at higher risk of contracting

COVID-19 in the largest to date cohort study of the Covid-19 susceptibility in England'>.

To better understand the association of baseline RAAS inhibitor use with outcomes of Covid-19
hospitalization, we assembled an observational retrospective cohort of racially diverse hospitalized patients with
laboratory-confirmed Covid-19 in Alabama. We examined whether baseline RAAS inhibitor use was associated

with Covid-19 health outcomes, including 1) in-hospital mortality, 2) need for Intensive Care Unit (ICU)
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admission 3) acute respiratory failure requiring intubation and mechanical ventilation (iMV), and 4) same-
hospital readmission for any cause among survivors of the Covid-19 index hospitalization. We also assessed

whether the association between RAAS inhibitor use and mortality differed by race.

Methods.
Study participants and procedures.

This observational retrospective cohort study included 1024 adult (age 18 and above) patients
hospitalized with confirmed Covid-19 between March 1 and September 16, 2020 at the University of Alabama
at Birmingham (UAB) teaching hospital in Birmingham, Alabama. The first cases of the Covid-19 were
detected in Birmingham beginning on March 1, 2020. The cases increased very slowly over the spring of 2020,
with a sharp surge 10-14 days after July 4, 2020. After the initial surge, Covid-19 cases declined slightly in
August 2020, but then started to rise, achieving an spike in December-January 2021 (data not included in this
report). The UAB ICU neared but did not exceed capacity. During the first surge of Covid-19 cases in July
2020, UAB Hospital implemented a delayed intubation strategy, favoring treating Covid-19 respiratory failure
with supplemental oxygen, delivered via high flow nasal cannula. Therefore, all analyses of respiratory failure
were adjusted for the time of the index admission for Covid-19 (before vs. after July 15, 2020).

Covid-19 cases were confirmed by reverse-transcriptase polymerase chain-reaction testing (rt-PCR). We
extracted patient data electronically from our institution's Electronic Health Record (EHR; Cerner) data
warehouse (i12B2) supplemented by manual chart review. Data were prepared for analyses by the COVID Core
data Extraction/Transformation team using Oracle SQL developer (v.11.2). For each of the patients with lab-
confirmed Covid-19, encounter data for the index admission were obtained, including admission date, date of
the earliest positive rt-PCR for Covid-19 and death or discharge date. The admission/discharge dates for all
subsequent outpatient and inpatient encounters and dates of death after the index hospitalization were also
electronically extracted. For each of the hospital readmissions (n=172) a manual chart review was conducted to
confirm admission/discharge dates. For each of the deaths (n=16) that occurred after index hospitalization we

conducted manual chart review for confirmation. From the initial sample of 1029 patients, we excluded 5
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patients with missing index admission dates or missing dates of birth. The study procedures were approved by
the UAB Institutional Review Board.

Patient and public Involvement.

No patient involved.

Outcomes and main exposure.

Study outcomes included in-hospital Covid-19-related mortality, need for the ICU admission, respiratory
failure defined by a need for invasive mechanical ventilation, and same-hospital readmission for any cause after
the index hospitalization. Data on RAAS inhibitors included use of ACEis and ARBs prior to the index Covid-
19 hospitalization, and were derived from the index admission medication reconciliation data in the EHR. If
patients were taking a combination medicine that included an ACEi or ARB as one of the components, they
were classified as having been prescribed ACEi/ARB in the analysis.

Covariates.

Covariates were selected on the basis of the risk factors for severe Covid-19 infection identified by the
Centers for Disease Control and Prevention and previous reports on Covid-19 morbidity and mortality 6-19,
Patient socio-demographic characteristics included age at the index admission (calculated, using birth and
admission dates) and self-reported race, sex, marital status, and cigarette smoking status. We created age
categories as follows: 18-40, 41-64, 65-74, and 75 years and older. Body mass index (BMI) was calculated
using height and weight obtained most recently prior to the index Covid-19 admission. BMI categories
included: “underweight” is less than 18.5 kg/m?, “normal weight” 18.5-24.9 kg/m?, “overweight” 25-29.9 kg/m?
and “obese” 30 kg/m?,and above. We obtained data on comorbidities, including hypertension, coronary artery
disease, diabetes, chronic obstructive pulmonary disease (COPD), heart failure, chronic kidney disease, HIV,
sickle cell disease, and history of solid organ transplant using corresponding ICD-10 codes.

Statistical Analysis.
Patients with Covid-19 who were prescribed RAAS inhibitors at baseline were compared to those who

were not prescribed RAAS inhibitors using two-sided t-tests for continuous variables and Chi-square tests for
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categorical variables. We examined the association of RAAS inhibitor use with study outcomes in three
different samples: 1) overall sample, 2) patients with any indication for RAAS inhibitor use, such as
hypertension, diabetes, chronic kidney disease, coronary artery disease or heart failure and 3) patients with
hypertension. Outcomes were assessed with unadjusted and multivariable models. To examine the association
of in-hospital mortality from Covid-19 with baseline RAAS inhibitor use we constructed Cox proportional
hazards regression models adjusted for age, sex, race, marital status, smoking, BMI, and medical conditions.
We created an interaction term between RAAS use and race to test for effect modification by race in the fully
adjusted models of Covid-19 in-hospital mortality. The need for ICU and the presence of respiratory failure
were examined separately in logistic regression models, with adjustment for the same patient characteristics and

for the time of admission (before vs. after July 15, 2020).

We examined the charts of the survivors of the index Covid-19 admission post-discharge for a same-
hospital readmission for any cause using medical records. The EHR data were abstracted for any subsequent in-
hospital and outpatient encounter after the index hospitalization and UAB hospital readmission dates were
extracted. The time to readmission was calculated using index discharge data and readmission date. To examine
the association between baseline RAAS use and readmissions, we used the Fine and Gray Model to account for
competing risk of death in the post-discharge period that was adjusted for the same patient characteristics. The
proportionality assumption was tested and satisfied in the Cox proportion hazards models. All statistical
analyses were performed in SAS software (SAS Institute, Cary, NC) version 9.4,

Results.

Among 1024 patients, admitted to UAB hospital with Covid-19 (mean [SD] age, 57 [18.8] years), 532
[52%] were African American, 514 [50 %] were male, 493 [48 %] had hypertension, 323 [32 %] had heart
failure, 487 [48 %] were obese, 210 [20.5%] had diabetes and 98 [11 %] were current smokers (Table 1). There
were 365 [36%] patients taking RAAS inhibitors at baseline. Patients with baseline RAAS use were older, more

likely to be African American, and had more comorbidities.
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The median length of stay (LOS) for the index Covid-19 hospitalization was 7 days, [interquartile range
(IQR) 4-15 days]. Maximum LOS was 175 days. Sixty percent of included Covid-19 cases were admitted after
the initial surge in Birmingham, between July 15 and September 16, 2020. During the index hospitalization,
137 (13.4%) patients died. Additionally, 16 (1.8%) patients died from any cause post-discharge, either during a
hospital readmission or out of the hospital. Cumulative all-cause mortality included 153 (14.9%) deaths. At the
time of the cohort assembly on September 16, 2020, 23 patients remained in the hospital. During the index
hospitalization 466 (45.5%) patients required ICU care, and 276 (27%) persons required iMV. The proportion
of patients who were intubated was higher in the early period, before July 15, compared to the period of after
July 15,2020, when placing the patient with respiratory failure on high flow nasal canula became a preferred

treatment strategy: 201 [32.4%] vs. 75 [ 18.6], P <.001.

In-hospital Covid-19 mortality and RAAS use.

The median time to death was 13 days [IQR 6-20 days]. In the overall study sample, baseline RAAS
inhibitor use was associated with significantly reduced risk of in-hospital mortality (adjusted hazard ratio [aHR]
0.56, 95% confidence interval [95%CI] 0.36-0.88], P=0.01, after adjustment for all covariates) (Figure 1). A
similar protective effect of RAAS inhibitor use on mortality was observed among patients with any indication
for RAAS inhibitor use (aHR [95%CI] for RAAS inhibitor use 0.59, 95%CI 0.37-0.94, P=0.03) and among
patients with hypertension (aHR for RAAS use 0.54, 95%CI 0.33-0.90, P=0.02). We did not observe effect
modification by race in the overall sample. The RAAS inhibitor use*race interaction term had associated P=
0.81. Compared to Whites, African American race was not associated with in-hospital mortality from Covid-19
in the adjusted model (aHR 0.88, 95% CI 0.60-1.29, P for trend 0.55) (Table 2). Other factors associated with
increased cumulative mortality in our sample included age 65-74 years (aHR 3.67 [95%CI 1.85-7.31]), age 75
years and older (aHR 4.89 [95%CI 2.36-10.14]), obesity (aHR 2.10 [95%CI 1.34-3.29]), and pre-existing heart
failure (aHR 1.88 [95%CI 1.20-2.94]) (Table 2).

Covid-19 in-hospital events and RAAS inhibitor use.
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RAAS inhibitor use was not associated with the need for ICU in all analyses (Figure 2.) In the overall
patient sample, RAAS use was not associated with iMV, aOR 0.71[95%CI 0.48-1.06] (Figure 3). In contrast,
among patients with hypertension, baseline RAAS inhibitor use was significantly associated with reduced odds
of iIMV after adjustment for covariates (aOR 0.58 [95%CI 0.36-0.95], P=.03). African Americans admitted with
Covid-19 were more likely to have respiratory failure, requiring iMV: aOR 1.58 [95%CI 1.01-2.31], P=.02.
Other factors associated with the increased risk of iMV for the Covid-19-related respiratory failure included
current cigarette smoking (aOR 1.80 [95%CI 1.08-3.02], P=.03), pre-existing heart failure (aOR 2.32 [95%CI
1.45-3.71], P <.001) and being admitted to UAB before July 15, 2020 (aOR 1.97 [95%CI 1.39-2.79], P <.0010.

Same-hospital 90-day readmissions among Covid-19 survivors.

Over a median follow up of 51 [IQR 28-82] days, 170 (19.2%) of 887 discharged patients were
readmitted to the same hospital for any cause (Table 1). Among those who were re-hospitalized, the median
time to readmission following the index discharge was 10 days [IQR 4-29 days]. The proportion of persons with
same-hospital readmission among those with baseline RAAS inhibitor use was 23.5%, compared to 16.7%
among those who were not prescribed RAAS inhibitors (P=0.01) (Table 1). In the fully adjusted Cox
proportional models, accounting for death as a competing risk, baseline RAAS agent use was not associated
with readmissions (Table 3). Compared to White patients, patients of the Hispanic/Latino/Asian or other
race/ethnicity were less likely to be readmitted (aHR 0.42, 95% CI 0.20-0.90). African-American race was not
statistically significantly associated with hospital readmission (aHR 1.11, 95% CI 0.78-1.60). Among the
chronic medical conditions only diabetes was significantly associated with higher risk for same-hospital

readmission after the index Covid-19 admission (aHR 1.56, 95%CI 1.02-2.94).

Discussion.

This study presents data from 1024 patients with Covid-19 admitted to a teaching hospital in Alabama.
Results of this study support the safety of maintaining patients with chronic conditions on ACEis and ARBs
during the Covid-19 pandemic and expands previous reports by demonstrating the protective effect of the

ACEis/ARBs from mortality in a racially diverse sample of patients with Covid-19. Among patients with
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hypertension, the use of ACEis/ARsB prior to contracting Covid-19 was associated with a reduction in the
likelihood of endotracheal intubation by nearly 40%. Further, ACEi/ARB use was not associated with greater
need for ICU—level care or with an increase in the same-hospital readmissions.

Baseline use of ACEi/ARB was associated with 40% lower in-hospital mortality in patients with Covid-
19, after controlling for potential confounders such as age, sex, race, obesity, smoking, and chronic medical
conditions. These results were similar in the sample of patients who had any indication for RAAS inhibitors,
and in patients with hypertension. Previous research has shown no association between the use of RAAS
inhibitors and susceptibility to the Covid-19,2° and has demonstrated the safety of continuing these medications
during the pandemic!®!121, Similary to our results, in 1.4 million patients with hypertension, heart failure,
diabetes, kidney disease, or ischemic heart disease registered in the Swedish National Patient Registry,
ACEIi/ARB use was associated with a reduced mortality in COVID-19 cases (aHR 0.89, 95% CI [0.82-0.96])%2.
Our study expands on previous findings by demonstrating both safety and reduction in Covid-19-related
mortality associated with RAAS inhibitor use in a racially diverse sample where 50% of patients were African
American.

Half of the patients hospitalized with the Covid-19 infection in our sample were African American,
whereas the proportion of African Americans in Alabama is only 26.7%. This finding highlights the racial
disparity in the Covid-19 pandemic, in which a higher proportion of African Americans developed severe
Covid-19 infection, requiring hospitalization??, compared to Whites. African Americans were also more likely
to require iMV in our study. However, similar to other studies of COVID-19 outcomes in the US?4, race was not
an independent predictor of death or hospital readmission in our study.

Our findings confirm previous observations that advanced age, obesity, and comorbidities are associated
with death from Covid-19 %25, Importantly, more than 30% of our patient sample admitted with severe Covid-
19 had pre-existing heart failure, a rate almost ten times higher than the prevalence of heart failure in the
general population. Heart failure was the only chronic condition, in addition to age and obesity in our sample,

that was independently associated with increased in-hospital mortality from complications related to Covid-19.

10
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Patients with heart failure were also at increased risk of developing respiratory failure, requiring iMV. These
represent a particularly vulnerable group requiring special attention from healthcare to reduce mortality and
morbidity from the Covid-1926 27,

The rate of same-hospital readmissions among Covid-19 survivors was 19%, similar to that in a recent
study of the patients with Covid-19, treated in the Veterans Affairs hospital system?® but higher, than in other
reports estimating that only 3-10% of patients were re-hospitalized after the index Covid-19 admission?%3°. The
high rates of hospital readmission in our study sample may be explained by the high level of chronic disease
prevalence and worse general health in the general population of Alabama. Importantly, diabetes was
significantly associated with increased re-admission risk among Covid-19 survivors. Alabama has the third
highest prevalence of diabetes among adults (14%) in the United States, according to the National Diabetes
Statistics Report-2020 by the Centers of Disease Control. Our findings are likely to extend to states with a
similar high prevalence of diabetes mellitus and underscore the importance of close outpatient follow-up of this
at risk population.

Study limitations include limited geographical area and single hospital site. The data on out- of-hospital
mortality and same-hospital readmissions may be incomplete, as some Covid-19 patients may have been
readmitted to other area hospitals. On average 30% of patients originally admitted to the UAB hospital are re-
admitted to other hospitals. The observational retrospective nature of this study does not allow drawing causal
inferences. EHR data regarding pre-existing medical conditions and smoking may be incomplete. Strengths of
the study include a large racially diverse sample from the US Southeast, a region disproportionally affected by
Covid-19 and high prevalence of multiple comorbidities. Further, we were able to develop a robust approach to

extraction of data from EHR and assemble a cohort of the patients with Covid-19.

In conclusion, use of RAAS inhibitors was associated with decreased in-hospital mortality from Covid-
19 in this racially diverse sample. RAAS inhibitor use was not associated with ICU-level care or hospital
readmissions in the cohort of patients with Covid-19, while patients with diabetes were at a high risk for same-

hospital readmission. Among patients with hypertension, baseline RAAS inhibitor use was associated with a
11
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reduced risk of invasive mechanical ventilation. This study supports the continuation of RAAS inhibitors during
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Figure Legends.

Figure 1. Covid-19 In-Hospital Mortality, Hazard Ratio, 95% Confidence Intervals for ACEi/ARB

Use.

Legend. Figure 1 presents crude and adjusted hazards ratios and 95% confidence intervals for in-hospital
Covid-19 mortality. Indications for ACEi/ARB use included hypertension, chronic kidney disease, coronary
artery disease, diabetes and heart failure. Overall model adjusts for age, race, sex, marital status, smoking, BMI
categories, and medical conditions: hypertension, chronic kidney disease, coronary artery disease, diabetes,
heart failure, HIV, COPD, history of solid organ transplant. Among those with indication for RAAS inhibitor,

model adjusts for age, race, sex, marital status, smoking, BMI categories, and medical conditions: HIV, COPD,

13
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history of solid organ transplant. Among those with hypertension, model adjusts for age, race, sex, marital
status, smoking, BMI categories, and medical conditions: chronic kidney disease, coronary artery disease,

diabetes, heart failure, HIV, COPD, history of solid organ transplant.

Figure 2. Intensive Care Use, Odds Ratio, 95% CI for ACEi/ARB Use.

Legend: Figure 2 presents crude and adjusted odds ratios and 95% confidence intervals for in-hospital
Covid-19 mortality. Indications for ACEi/ARB use included hypertension, chronic kidney disease, coronary
artery disease, diabetes and heart failure. Overall model adjusts for age, race, sex, marital status, smoking, BMI
categories, and medical conditions: hypertension, chronic kidney disease, coronary artery disease, diabetes,
heart failure, HIV, COPD, history of solid organ transplant. Among those with indication for RAAS inhibitor,
model adjusts for age, race, sex, marital status, smoking, BMI categories, and medical conditions: HIV, COPD,
history of solid organ transplant. Among those with hypertension, model adjusts for age, race, sex, marital
status, smoking, BMI categories, and medical conditions: chronic kidney disease, coronary artery disease,

diabetes, heart failure, HIV, COPD, history of solid organ transplant.

Figure 3. Respiratory Failure, requiring Invasive Mechanical Ventilation, Odd Ratio, 95%

Confidence intervals, for ACEi/ARB Use

Legend. Indications for ACEi/ARB use include hypertension, chronic kidney disease, coronary artery
disease, diabetes and heart failure. Overall model adjusts for age, race, sex, marital status, smoking, BMI
categories, and medical conditions: hypertension, chronic kidney disease, coronary artery disease, diabetes,
heart failure, HIV, COPD, history of solid organ transplant, time of admission (before vs. after July 15, 2020).
Among those with indication for RAAS inhibitor, model adjusts for age, race, sex, marital status, smoking, BMI
categories, and medical conditions: HIV, COPD, history of solid organ transplant, time of admission (before vs.
after July 15, 2020). Among those with hypertension, model adjusts for age, race, sex, marital status, smoking,
BMI categories, and medical conditions: chronic kidney disease, coronary artery disease, diabetes, heart failure,

HIV, COPD, history of solid organ transplant, time of admission (before vs. after July 15, 2020).
14
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Overall sample, No ACEI/ARB Use, ACEIi/ARB use, P-value
n=1024 n=659 n=365
n, (%) n, (%) n, (%)
Socio-Demographics
Age, mean, SD, years 57.0 (18.8) 53.3 (19.7) 63.7 (14.9) <0.001
Age, categories, years <0.001
18-40 241 (23.5) 211 (32.0) 30 (8.2)
41-64 395 (38.6) 234 (35.5) 161 (44.1)
65-74 202 (19.7) 110 (16.7) 92 (25.2)
75 and older 186 (18.2) 104 (15.8) 82 (22.5)
Race <0.001
White 384 (37.5) 254 (38.5) 130 (35.6)
African American 532 (52.0) 318 (48.3) 214 (58.6)
Hispanic or Latino 63 (6.2) 57 (8.6) 6 (1.6)
Other 0 (2.0) 12 (1.8) 8(2.2)
Declined to report 25 (2.4) 18 (2.7) 7(1.9)
Male 514 (50.2) 319 (48.4) 195 (53.4) 0.12
Married 414 (40.4) 270 (41.0) 144 (39.5) 0.64
Smoking status 0.09
Never 533 (59.6) 344 (62.3) 189 (55.1)
Current 98 (10.9) 58 (10.5) 40 (11.7)
Former 264 (29.5) 150 (27.2) 114 (33.2)
Comorbidities
Body Mass Index (BMI), kg/m2: 0.24
Underweight, BMI < 18.5 27 (2.7) 16 (2.5) 11 (3.1)
Normal Weight, BMI=18.5-24 227 (22.5) 159 (24.5) 68 (18.9)
Overweight, BMI=25-30 268 (26.6) 168 (25.8) 100 (27.9)

Obese, BMI =30 and above 487 (48.3) 307 (47.2) 180 (50.1)
Hypertension 493 (48.1) 204 (31.0) 289 (79.2) <.001
Coronary Artery Disease 340 (33.2) 149 (22.6) 191 (52.3) <.001
Diabetes 210 (20.5) 71(10.8) 139 (38.1) <.001
COPD 138 (13.5) 52 (7.9) 86 (23.6) <.001
Heart Failure 323 (31.5) 131 (19.9) 192 (52.6) <.001
Chronic Kidney Disease 325(31.7) 139(21.1) 186(51.0) <.001
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HIV Positive Status 75 (7.3) 24 (3.6) 51 (14.0) <.001
1
2 Sickle Cell Disease 10 (1.0) 7(1.1) 3(0.8) 0.71
3
4 Recipient of solid organ 40 (3.9) 16 (2.4) 24 (6.6) 0.001
5 transplant
g In-hospital Events*
8 Admission after July 15, 2020 621 (60.6) 398(60.4) 223(61.1) 0.83
9
10 Required Intensive Care Unit 466 (45.5) 287 (43.6) 179 (49.0) 0.09
1; Invasive mechanical ventilation 276 (27.0) 179 (27.2) 97 (26.6) 0.84
13 In-hospital Death 137(13.4) 96 (14.6) 41(11.2) 0.13
14
15 Post.-Dlscharge gvents among the n=877 n=563 n=324
16 survivors of the index admission
17
18 All-cause same-hospital 170 (19.2) 97 (16.7) 76 (23.5) 0.01
19 readmission (during March 1-
20 September 16,2020)
2’ Death from any cause after 16(1.8) 9(1.0) 72.2) 0.54
23 index admission
;‘5‘ Cumulative Mortality (death 153 (14.9) 105 (15.9) 48 (13.2) 0.23

during March 1-September
26 46,2020)

28  Abbreviations: ACEi — Angiotensin-converting enzyme inhibitor, ARB — angiotensin receptor blocker, COPD — chronic
29  obstructive pulmonary disease, HIV — Human Immunodeficiency virus, SBP- systolic blood pressure, SD — standard
30 deviation
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Table 2. Factors, associated with in-hospital mortality among patients with Covid-19,
admitted to UAB hospital, between March 1 and September 16, 2020. Multivariable-

oNOYTULT D WN =

adjusted Cox proportional hazards regression model.

aHR 95% CI P-value
ACEI/ARB Use 0.56 0.36 0.88 0.01
Age, years: <0.001
18-40 ref - - -
40-64 1.69 0.82 3.52
65-74  4.07 210 9.24
75 and older 5.53 2.52 12.14
Race: 0.55
African American 0.88 0.60 1.29
Hispanic/Latino/Asian/Other 0.68 0.32 1.45
White ref
Male 1.43 0.97 210 0.07
Married 0.91 0.63 1.34 0.64
Current Smoker 1.04 0.51 2.14 0.91
Body Mass Index, kg/m2: 0.001
<18.5 1.91 0.63 5.79
18.5-24 ref
25-29 1.39 0.81 2.37
30 and above 2,50 1.54 4.06
Hypertension 0.91 0.52 1.57 0.73
Coronary Artery Disease 0.78 0.57 1.20 0.26
Chronic Kidney Disease 0.87 0.54 1.38 0.54
Heart Failure 1.96 1.21 3.15 0.006
Diabetes 1.07 0.62 1.84 0.98
COPD 1.07 0.58 1.95 0.84
HIV 1.51 0.76 3.03 0.23
Solid organ transplant recipient 1.56 0.61 3.96 0.35

Abbreviations: ACEi — Angiotensin-converting enzyme inhibitor, ARB — angiotensin receptor blocker, Cl-confidence
interval, COPD — chronic obstructive pulmonary disease, aHR- multivariable-adjusted hazard ratio.
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Table 3. Factors associated with same-hospital readmission among patients with Covid-

1 19, between March 1 and September 16, 2020. Multivariable-adjusted Cox proportional
2 hazards regression model. Death after index admission is accounted as a completing
3 risk.

4

5 aSHR 95% CI p-value
6

7 Use of ACEi/ARB 1.19 0.82 1.72 0.37
g Age, years: 0.23
1‘1) 18-40 ref - - -
12 40-64 0.90 0.59 1.37

13

14 65-74 0.75 0.44 1.27

12 75andolder 054  0.29 1.01

17 Race: 0.04
18

19 African American 1.11 0.78 1.60

20

2 Hispanic/Latino/Asian/Other 0.42 0.20 0.90

22 White  ref

23

24 Male 1.01 0.71 1.43 0.95
25

26 Married 1.32 0.94 1.86 0.11
;; Current Smoker 070 0.40 1.20 0.19
29 Body Mass Index, kg/m2: 0.05
30

31 <18.5 1.20 0.53 2.71

32

33 18.5-24 ref

2‘5‘ 25-29 0.69 0.44 1.07

36 30 and above 0.59 0.39 0.90

37

38 Hypertension 0.84 0.51 1.38 0.48
23 Coronary Artery Disease 0.87 0.58 1.29 0.47
41 Chronic Kidney Disease 1.19 0.76 1.86 0.46
42

43 Heart Failure 1.41 0.92 2.16 0.1
Zg Diabetes 1.56 1.02 2.39 0.04
46 coPD 1.28 0.76 2.14 0.36
47

48 HIV 0.92 0.50 1.70 0.79
49

50 Solid organ transplant recipient 0.84 0.39 1.81 0.66
31 Abbreviations: ACEi — Angiotensin-converting enzyme inhibitor, ARB — angiotensin receptor blocker, Cl-confidence
gg interval, COPD - chronic obstructive pulmonary disease, aSHR- multivariable-adjusted sub-hazard ratio.
54  Bold p-value < .05
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Figure 1. Covid-19 In-Hospital Mortality, Hazard Ratio, 95% Confidence Intervals for ACEi/ARB Use.
Legend. Figure 1 presents crude and adjusted hazards ratios and 95% confidence intervals for in-hospital
Covid-19 mortality. Indications for ACEi/ARB use included hypertension, chronic kidney disease, coronary

artery disease, diabetes and heart failure. Overall model adjusts for age, race, sex, marital status, smoking,
BMI categories, and medical conditions: hypertension, chronic kidney disease, coronary artery disease,
diabetes, heart failure, HIV, COPD, history of solid organ transplant. Among those with indication for RAAS
inhibitor, model adjusts for age, race, sex, marital status, smoking, BMI categories, and medical conditions:
HIV, COPD, history of solid organ transplant. Among those with hypertension, model adjusts for age, race,
sex, marital status, smoking, BMI categories, and medical conditions: chronic kidney disease, coronary
artery disease, diabetes, heart failure, HIV, COPD, history of solid organ transplant.
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9 ICU Admission, Odds Ratio, 95% CI
10 for baseline ACEI/ARB use

12 14 1

14 1.2 +

084 o

0.6 +

Among patients _
2 041 Overall with indications for Among patients
22 ACEi/ARBs combined with HTN

Crude Adjusted Crude Adjusted Crude Adjusted

27 1.25(0.97-161) 0.81(0.58-1.14)  1.11(0.80-152) 102(0.71-1.48) 0.97(0.68-139) 0.82(0.54-1.26)

31 Figure 2. Intensive Care Use, Odds Ratio, 95% CI for ACEi/ARB Use.
32 Legend: Figure 2 presents crude and adjusted odds ratios and 95% confidence intervals for in-hospital
33 Covid-19 mortality. Indications for ACEi/ARB use included hypertension, chronic kidney disease, coronary
artery disease, diabetes and heart failure. Overall model adjusts for age, race, sex, marital status, smoking,
BMI categories, and medical conditions: hypertension, chronic kidney disease, coronary artery disease,
35 diabetes, heart failure, HIV, COPD, history of solid organ transplant. Among those with indication for RAAS
36 inhibitor, model adjusts for age, race, sex, marital status, smoking, BMI categories, and medical conditions:
37 HIV, COPD, history of solid organ transplant. Among those with hypertension, model adjusts for age, race,
38 sex, marital status, smoking, BMI categories, and medical conditions: chronic kidney disease, coronary
39 artery disease, diabetes, heart failure, HIV, COPD, history of solid organ transplant.
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Figure 3. Respiratory Failure, requiring Invasive Mechanical Ventilation, Odd Ratio, 95% Confidence
intervals, for ACEi/ARB Use
Legend. Indications for ACEi/ARB use include hypertension, chronic kidney disease, coronary artery disease,
diabetes and heart failure. Overall model adjusts for age, race, sex, marital status, smoking, BMI categories,
and medical conditions: hypertension, chronic kidney disease, coronary artery disease, diabetes, heart
failure, HIV, COPD, history of solid organ transplant, time of admission (before vs. after July 15, 2020).
Among those with indication for RAAS inhibitor, model adjusts for age, race, sex, marital status, smoking,
BMI categories, and medical conditions: HIV, COPD, history of solid organ transplant, time of admission
(before vs. after July 15, 2020). Among those with hypertension, model adjusts for age, race, sex, marital
status, smoking, BMI categories, and medical conditions: chronic kidney disease, coronary artery disease,
diabetes, heart failure, HIV, COPD, history of solid organ transplant, time of admission (before vs. after July
15, 2020).
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Reporting checklist for cohort study.
Based on the STROBE cohort guidelines.

Instructions to authors

Complete this checklist by entering the page numbers from your manuscript where readers will find

each of the items listed below.

Your article may not currently address all the items on the checklist. Please modify your text to
include the missing information. If you are certain that an item does not apply, please write "n/a" and

provide a short explanation.
Upload your completed checklist as an extra file when you submit to a journal.

In your methods section, say that you used the STROBE cohortreporting guidelines, and cite them

as.

von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke JP. The Strengthening
the Reporting of Observational Studies in Epidemiology (STROBE) Statement: guidelines for

reporting observational studies.

Page
Reporting Item Number

Title and abstract
Title #1a Indicate the study’s design with a commonly used term in the 2

title or the abstract
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Provide in the abstract an informative and balanced summary

of what was done and what was found

Explain the scientific background and rationale for the

investigation being reported

State specific objectives, including any prespecified

hypotheses

Present key elements of study design early in the paper

Describe the setting, locations, and relevant dates, including
periods of recruitment, exposure, follow-up, and data

collection

Give the eligibility criteria, and the sources and methods of

selection of participants. Describe methods of follow-up.

For matched studies, give matching criteria and number of

exposed and unexposed

Clearly define all outcomes, exposures, predictors, potential
confounders, and effect modifiers. Give diagnostic criteria, if

applicable

For each variable of interest give sources of data and details
of methods of assessment (measurement). Describe

comparability of assessment methods if there is more than

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 26 of 29

n/a


https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#1b
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#2
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#3
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#4
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#5
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#6a
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#6b
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#7
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#8

Page 27 of 29 BMJ Open

one group. Give information separately for for exposed and

unexposed groups if applicable.

|=ﬁ:
©

Bias Describe any efforts to address potential sources of bias 5

oNOYTULT D WN =

B~ S
kN
o

9 Study size Explain how the study size was arrived at 4

H
AN
N

12 Quantitative Explain how quantitative variables were handled in the 5

variables analyses. If applicable, describe which groupings were

17 chosen, and why

T
kN
N

20 Statistical Describe all statistical methods, including those used to control for

| |

22 methods confounding

B~ S
kN
N

Statistical Describe any methods used to examine subgroups and 5

interactions

T |

31 methods

T
kN
N

34  Statistical Explain how missing data were addressed 5

36 methods

[¢) |

T
kN
N

39 Statistical If applicable, explain how loss to follow-up was addressed n/a

Q. |

methods

I+
kN
N

Statistical Describe any sensitivity analyses

[o] |

47 methods
50 n/a
53 Results

56 Participants 13  Report numbers of individuals at each stage of study—eg 6

58 a numbers potentially eligible, examined for eligibility, confirmed

60 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#9
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#10
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#11
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#12a
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#12a
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#12b
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#12b
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#12c
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#12c
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#12d
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#12d
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#12e
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#12e
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#13a
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#13a

oNOYTULT D WN =

Participants

Participants

n/a

Descriptive data

Descriptive data

Descriptive data

Outcome data

[ea

I
kN
w

[¢) |

—_
AN

|

RN
AN

(on

—_
AN

(@)

BMJ Open Page 28 of 29

eligible, included in the study, completing follow-up, and
analysed. Give information separately for for exposed and

unexposed groups if applicable.

Give reasons for non-participation at each stage n/a

Consider use of a flow diagram

Give characteristics of study participants (eg demographic, 6
clinical, social) and information on exposures and potential
confounders. Give information separately for exposed and

unexposed groups if applicable.

Indicate number of participants with missing data for each variable of

interest

Summarise follow-up time (eg, average and total amount)

Report numbers of outcome events or summary measures over time.
Give information separately for exposed and unexposed groups if

applicable.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#13b
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#13b
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#13c
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#13c
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#14a
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#14a
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#14b
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#14b
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#14c
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#14c
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#15

Page 29 of 29

oNOYTULT D WN =

Main results #16

Main results #16
b

Main results #16
c

n/a

Other analyses #17

Discussion

Key results #18

Limitations #19

Interpretation #20

Generalisability #21

Other Information

BMJ Open

Give unadjusted estimates and, if applicable, confounder-
adjusted estimates and their precision (eg, 95% confidence
interval). Make clear which confounders were adjusted for

and why they were included

Report category boundaries when continuous variables were

categorized

If relevant, consider translating estimates of relative risk into absolute

risk for a meaningful time period

Report other analyses done—eg analyses of subgroups and

interactions, and sensitivity analyses

Summarise key results with reference to study objectives

Discuss limitations of the study, taking into account sources of
potential bias or imprecision. Discuss both direction and

magnitude of any potential bias.

Give a cautious overall interpretation considering objectives,
limitations, multiplicity of analyses, results from similar

studies, and other relevant evidence.

Discuss the generalisability (external validity) of the study

results

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

7,8

7,8

10


https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#16a
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#16a
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#16b
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#16b
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#16c
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#16c
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#17
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#18
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#19
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#20
https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#21

oNOYTULT D WN =

BMJ Open Page 30 of 29

Funding #22  Give the source of funding and the role of the funders for the 11
present study and, if applicable, for the original study on

which the present article is based

The STROBE checklist is distributed under the terms of the Creative Commons Attribution License

CC-BY. This checklist was completed on 28. May 2021 using https://www.goodreports.org/, a tool

made by the EQUATOR Network in collaboration with Penelope.ai

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


https://www.goodreports.org/reporting-checklists/strobe-cohort/info/#22
https://www.goodreports.org/
https://www.equator-network.org
https://www.penelope.ai

BMJ Open

BM) Open

What is the Association of Renin-Angiotensin-Aldosterone
System Inhibitors with Covid-19 Outcomes: Retrospective
Study of Racially Diverse Patients?

Journal:

BMJ Open

Manuscript ID

bmjopen-2021-053961.R2

Article Type:

Original research

Date Submitted by the
Author:

02-Mar-2022

Complete List of Authors:

Khodneva, Yulia; UAB, Department of Medicine

Malla, Gargya; UAB, Department of Epidemiology

Clarkson, UAB; UAB, Department of Medicine

Fu, Richard; UAB, Department of Medicine

Safford, Monika; Cornell University Joan and Sanford I Weill Medical
College

Goyal, Parag ; Cornell University Joan and Sanford I Weill Medical
College, Medicine

Oparil, Suzanne; UAB, Medicine, Cardiovascular Disease
Cherrington, Andrea; UAB, Preventive Medicine

Jackson, Elizabeth A.; UAB, Department of Medicine

Willig, James; UAB, Department of Medicine

<b>Primary Subject
Heading</b>:

Infectious diseases

Secondary Subject Heading:

Epidemiology, Cardiovascular medicine, Infectious diseases

Keywords:

COVID-19, GENERAL MEDICINE (see Internal Medicine), EPIDEMIOLOGY

<

o

{OLARONE™
Manuscripts

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml




Page 1 of 30

oNOYTULT D WN =

BMJ Open

BM)

I, the Submitting Author has the right to grant and does grant on behalf of all authors of the Work (as defined
in the below author licence), an exclusive licence and/or a non-exclusive licence for contributions from authors
who are: i) UK Crown employees; ii) where BMJ has agreed a CC-BY licence shall apply, and/or iii) in accordance
with the terms applicable for US Federal Government officers or employees acting as part of their official
duties; on a worldwide, perpetual, irrevocable, royalty-free basis to BMJ Publishing Group Ltd (“BMJ”) its
licensees and where the relevant Journal is co-owned by BMJ to the co-owners of the Journal, to publish the
Work in this journal and any other BMJ products and to exploit all rights, as set out in our licence.

The Submitting Author accepts and understands that any supply made under these terms is made by BMJ to
the Submitting Author unless you are acting as an employee on behalf of your employer or a postgraduate
student of an affiliated institution which is paying any applicable article publishing charge (“APC”) for Open
Access articles. Where the Submitting Author wishes to make the Work available on an Open Access basis (and
intends to pay the relevant APC), the terms of reuse of such Open Access shall be governed by a Creative
Commons licence — details of these licences and which Creative Commons licence will apply to this Work are set
out in our licence referred to above.

Other than as permitted in any relevant BMJ Author’s Self Archiving Policies, | confirm this Work has not been
accepted for publication elsewhere, is not being considered for publication elsewhere and does not duplicate
material already published. | confirm all authors consent to publication of this Work and authorise the granting
of this licence.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


https://authors.bmj.com/wp-content/uploads/2018/11/BMJ_Journals_Combined_Author_Licence_2018.pdf
http://creativecommons.org/

oNOYTULT D WN =

BMJ Open Page 2 of 30
What is the Association of Renin-Angiotensin-Aldosterone System Inhibitors with Covid-19 Outcomes:
Retrospective Study of Racially Diverse Patients?
Yulia Khodneva MD, PhD!, Gargya Malla, MD?, Stephen Clarkson MD!, Richard Fu', Monika Safford, MD?,
Parag Goyal, MD*, Suzanne Oparil MD', Andrea Cherrington, MD!, Elizabeth A. Jackson, MD!, James Willig,

MD!.

'Department of Medicine, School of Medicine, University of Alabama at Birmingham

?Department of Epidemiology, School of Public Health, University of Alabama at Birmingham

3Division of Internal Medicine, Weill Cornell University

“4Division of Cardiology, Weill Cornell University

Manuscript Word Count (not including abstract, tables, references) 2981, Abstract Word Count 233

Tables 3, Figures 3, references 29

Key words: Covid-19, mortality, readmission, race differences, Renin-Angiotensin-Aldosterone-System

Corresponding author:

Yulia Khodneva, MD, PhD

MT509H 1717 11" Avenue South

Birmingham, AL 35294-4410 E-mail: ykhodneva@uabmc.edu

Telephone: (205) 934-7157, Fax (205) 934-7959

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


mailto:khodneva@uabmc.edu

Page 3 of 30 BMJ Open

oNOYTULT D WN =

Abstract.

Objective: To describe the clinical outcomes of Covid-19 in a racially diverse sample from the US Southeast
and examine the association of renin-angiotensin-aldosterone system (RAAS) inhibitor use with Covid-19
outcome.

Design, Setting, Participants: This study is a retrospective cohort of 1,024 patients with reverse-transcriptase—
polymerase-chain-reaction-confirmed Covid-19 infection, admitted to a 1,242-bed teaching hospital in
Alabama. Data on RAAS inhibitors use, demographics and comorbidities were extracted from hospital medical
records.

Primary Outcomes: In-hospital mortality, a need of intensive care (ICU), respiratory failure, defined as
invasive mechanical ventilation (iMV), and 90-day same-hospital readmissions.

Results: Among 1024 patients (mean [SD] age, 57 [18.8] years), 532 [52.0%] were African Americans, 514
[50.2%] male, 493 [48.1%] had hypertension, 365 [36%] were taking RAAS inhibitors. During index
hospitalization (median length of stay of 7 (interquartile range [4-15]) days) 137(13.4%) patients died;
170(19.2%) of survivors were re-admitted. RAAS inhibitor use was associated with lower in-hospital mortality
(adjusted hazard ratio, 95%CI [0.56, (0.36-0.88), P=0.01) and no effect modification by race was observed (P
for interaction = 0.81). Among patients with hypertension, baseline RAAS use was associated with reduced risk
of iMV, adjusted odds ratio, 95% CI [aOR=0.58, 95%CI (0.36-0.95), P=0.03]. Patients with heart failure were
twice as likely to die from Covid-19, compared to patients without heart failure.

Conclusions: In a retrospespective study of racially diverse patients, hospitalized with Covid-19, pre-

hospitalization use of RAAS inhibitors was associated with 40% reduction in mortality irrespective of race.
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Article summary.

Strength and limitations.

e This study background was based on multiple questions on RAAS safety, raised by the
community of the primary care physicians and patients in the beginning of the COVID-19
pandemic.

e Other strengths of the study include a large racially diverse sample of patients with COVID-19
from the US Southeast and a robust approach to extraction of data from electronic health records.

e Observational retrospective nature of this study does not allow drawing causal inferences.

e Residual unmeasured confounding, such as socio-ecomonic status, may influence study results.

e The study included patients from a limited geographical area and a single hospital site.

e The data on out- of-hospital mortality and same-hospital readmissions may be incomplete as

some Covid-19 patients may have been readmitted to other area hospitals.
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Introduction.

The United States has experienced an unprecedented public health crisis with the Covid-19 pandemic.!
Persons with cardiovascular and metabolic disease are at increased risk for mortality and morbidity from Covid-
1923, Cardiovascular disease and diabetes mellitus are highly prevalent among US adults, with 45% of adults
having HTN, 13% - diabetes mellitus, 6.7% - coronary artery disease, and 2.4% - heart failure®. These chronic
conditions disproportionally affect adults in the Southeast compared to other parts of the US®. Patients with
hypertension, heart failure, diabetes, and chronic kidney disease are often prescribed renin-angiotensin-
aldosterone system (RAAS) inhibitors, i.e., angiotensin converting enzyme inhibitors (ACE1) or angiotensin
receptor blockers (ARBs). In animal studies, performed prior to the emergence of Covid-19, ACEi were found
to increase the expression of ACE2 receptors.” The severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) binds to ACE2 receptors in lungs®, leading to concerns about potential risks of utilizing RAAS
inhibitors in the setting of Covid-19. While subsequent studies have demonstrated the safety of RAAS inhibitor
use among persons with Covid-19 and indication for RAAS use®!!, the association of RAAS inhibitor use with

hospital readmission after the index Covid-19 admission is not well described.

Most of reports!? describing the associations of pre-existing use of RAAS inhibitors with COVID-19
outcomes were obtained in White or Asian, not African American populations. Compared to Whites, African
Americans have a high incidence of adverse effects of RAAS inhibitors 3. Disproportionally affected by
multiple health disparities, African Americans have also been shown to have an increased risk of severe
COVID-19, requiring hospitalization'4. Persons of African descent were also at higher risk of contracting

COVID-19 in the largest to date cohort study of the Covid-19 susceptibility in England'>.

To better understand the association of baseline RAAS inhibitor use with outcomes of Covid-19
hospitalization, we assembled an observational retrospective cohort of racially diverse hospitalized patients with
laboratory-confirmed Covid-19 in Alabama. We examined whether baseline RAAS inhibitor use was associated

with Covid-19 health outcomes, including 1) in-hospital mortality, 2) need for Intensive Care Unit (ICU)
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admission 3) acute respiratory failure requiring intubation and mechanical ventilation (iMV), and 4) same-
hospital readmission for any cause among survivors of the Covid-19 index hospitalization. We also assessed

whether the association between RAAS inhibitor use and mortality differed by race.

Methods.
Study participants and procedures.

This observational retrospective cohort study included 1024 adult (age 18 and above) patients
hospitalized with confirmed Covid-19 between March 1 and September 16, 2020 at the University of Alabama
at Birmingham (UAB) teaching hospital in Birmingham, Alabama. The first cases of the Covid-19 were
detected in Birmingham beginning on March 1, 2020. The cases increased very slowly over the spring of 2020,
with a sharp surge 10-14 days after July 4, 2020. After the initial surge, Covid-19 cases declined slightly in
August 2020, but then started to rise, achieving an spike in December-January 2021 (data not included in this
report). The UAB ICU neared but did not exceed capacity. During the first surge of Covid-19 cases in July
2020, UAB Hospital implemented a delayed intubation strategy, favoring treating Covid-19 respiratory failure
with supplemental oxygen, delivered via high flow nasal cannula. Therefore, all analyses of respiratory failure
were adjusted for the time of the index admission for Covid-19 (before vs. after July 15, 2020).

Covid-19 cases were confirmed by reverse-transcriptase polymerase chain-reaction testing (rt-PCR). We
extracted patient data electronically from our institution's Electronic Health Record (EHR; Cerner) data
warehouse (i12B2) supplemented by manual chart review. Data were prepared for analyses by the COVID Core
data Extraction/Transformation team using Oracle SQL developer (v.11.2). For each of the patients with lab-
confirmed Covid-19, encounter data for the index admission were obtained, including admission date, date of
the earliest positive rt-PCR for Covid-19 and death or discharge date. The admission/discharge dates for all
subsequent outpatient and inpatient encounters and dates of death after the index hospitalization were also
electronically extracted. For each of the hospital readmissions (n=172) a manual chart review was conducted to
confirm admission/discharge dates. For each of the deaths (n=16) that occurred after index hospitalization we

conducted manual chart review for confirmation. From the initial sample of 1029 patients, we excluded 5
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patients with missing index admission dates or missing dates of birth. The study procedures were approved by
the UAB Institutional Review Board.

Patient and public Involvement.

No patient involved.

Outcomes and main exposure.

Study outcomes included in-hospital Covid-19-related mortality, need for the ICU admission, respiratory
failure defined by a need for invasive mechanical ventilation, and same-hospital readmission for any cause after
the index hospitalization. Data on RAAS inhibitors included use of ACEis and ARBs prior to the index Covid-
19 hospitalization, and were derived from the index admission medication reconciliation data in the EHR. If
patients were taking a combination medicine that included an ACEi or ARB as one of the components, they
were classified as having been prescribed ACEi/ARB in the analysis.

Covariates.

Covariates were selected on the basis of the risk factors for severe Covid-19 infection identified by the
Centers for Disease Control and Prevention and previous reports on Covid-19 morbidity and mortality 6-19,
Patient socio-demographic characteristics included age at the index admission (calculated, using birth and
admission dates) and self-reported race, sex, marital status, and cigarette smoking status. We created age
categories as follows: 18-40, 41-64, 65-74, and 75 years and older. Body mass index (BMI) was calculated
using height and weight obtained most recently prior to the index Covid-19 admission. BMI categories
included: “underweight” is less than 18.5 kg/m?, “normal weight” 18.5-24.9 kg/m?, “overweight” 25-29.9 kg/m?
and “obese” 30 kg/m?,and above. We obtained data on comorbidities, including hypertension, coronary artery
disease, diabetes, chronic obstructive pulmonary disease (COPD), heart failure, chronic kidney disease, HIV,
sickle cell disease, and history of solid organ transplant using corresponding ICD-10 codes.

Statistical Analysis.
Patients with Covid-19 who were prescribed RAAS inhibitors at baseline were compared to those who

were not prescribed RAAS inhibitors using two-sided t-tests for continuous variables and Chi-square tests for
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categorical variables. We examined the association of RAAS inhibitor use with study outcomes in three
different samples: 1) overall sample, 2) patients with any indication for RAAS inhibitor use, such as
hypertension, diabetes, chronic kidney disease, coronary artery disease or heart failure and 3) patients with
hypertension. Outcomes were assessed with unadjusted and multivariable models. To examine the association
of in-hospital mortality from Covid-19 with baseline RAAS inhibitor use we constructed Cox proportional
hazards regression models adjusted for age, sex, race, marital status, smoking, BMI, and medical conditions.
We created an interaction term between RAAS use and race to test for effect modification by race in the fully
adjusted models of Covid-19 in-hospital mortality. The need for ICU and the presence of respiratory failure
were examined separately in logistic regression models, with adjustment for the same patient characteristics and

for the time of admission (before vs. after July 15, 2020).

We examined the charts of the survivors of the index Covid-19 admission post-discharge for a same-
hospital readmission for any cause using medical records. The EHR data were abstracted for any subsequent in-
hospital and outpatient encounter after the index hospitalization and UAB hospital readmission dates were
extracted. The time to readmission was calculated using index discharge data and readmission date. To examine
the association between baseline RAAS use and readmissions, we used the Fine and Gray Model to account for
competing risk of death in the post-discharge period that was adjusted for the same patient characteristics. The
proportionality assumption was tested and satisfied in the Cox proportion hazards models. All statistical
analyses were performed in SAS software (SAS Institute, Cary, NC) version 9.4,

Results.

Among 1024 patients, admitted to UAB hospital with Covid-19 (mean [SD] age, 57 [18.8] years), 532
[52%] were African American, 514 [50 %] were male, 493 [48 %] had hypertension, 323 [32 %] had heart
failure, 487 [48 %] were obese, 210 [20.5%] had diabetes and 98 [11 %] were current smokers (Table 1). There
were 365 [36%] patients taking RAAS inhibitors at baseline. Patients with baseline RAAS use were older, more

likely to be African American, and had more comorbidities.
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The median length of stay (LOS) for the index Covid-19 hospitalization was 7 days, [interquartile range
(IQR) 4-15 days]. Maximum LOS was 175 days. Sixty percent of included Covid-19 cases were admitted after
the initial surge in Birmingham, between July 15 and September 16, 2020. During the index hospitalization,
137 (13.4%) patients died. Additionally, 16 (1.8%) patients died from any cause post-discharge, either during a
hospital readmission or out of the hospital. Cumulative all-cause mortality included 153 (14.9%) deaths. At the
time of the cohort assembly on September 16, 2020, 23 patients remained in the hospital. During the index
hospitalization 466 (45.5%) patients required ICU care, and 276 (27%) persons required iMV. The proportion
of patients who were intubated was higher in the early period, before July 15, compared to the period of after
July 15,2020, when placing the patient with respiratory failure on high flow nasal canula became a preferred

treatment strategy: 201 [32.4%] vs. 75 [ 18.6], P <.001.

In-hospital Covid-19 mortality and RAAS use.

The median time to death was 13 days [IQR 6-20 days]. In the overall study sample, baseline RAAS
inhibitor use was associated with significantly reduced risk of in-hospital mortality (adjusted hazard ratio [aHR]
0.56, 95% confidence interval [95%CI] 0.36-0.88], P=0.01, after adjustment for all covariates) (Figure 1). A
similar protective effect of RAAS inhibitor use on mortality was observed among patients with any indication
for RAAS inhibitor use (aHR [95%CI] for RAAS inhibitor use 0.59, 95%CI 0.37-0.94, P=0.03) and among
patients with hypertension (aHR for RAAS use 0.54, 95%CI 0.33-0.90, P=0.02). We did not observe effect
modification by race in the overall sample. The RAAS inhibitor use*race interaction term had associated P=
0.81. Compared to Whites, African American race was not associated with in-hospital mortality from Covid-19
in the adjusted model (aHR 0.88, 95% CI 0.60-1.29, P for trend 0.55) (Table 2). Other factors associated with
increased cumulative mortality in our sample included age 65-74 years (aHR 3.67 [95%CI 1.85-7.31]), age 75
years and older (aHR 4.89 [95%CI 2.36-10.14]), obesity (aHR 2.10 [95%CI 1.34-3.29]), and pre-existing heart
failure (aHR 1.88 [95%CI 1.20-2.94]) (Table 2).

Covid-19 in-hospital events and RAAS inhibitor use.
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RAAS inhibitor use was not associated with the need for ICU in all analyses (Figure 2.) In the overall
patient sample, RAAS use was not associated with iMV, aOR 0.71[95%CI 0.48-1.06] (Figure 3). In contrast,
among patients with hypertension, baseline RAAS inhibitor use was significantly associated with reduced odds
of iIMV after adjustment for covariates (aOR 0.58 [95%CI 0.36-0.95], P=.03). African Americans admitted with
Covid-19 were more likely to have respiratory failure, requiring iMV: aOR 1.58 [95%CI 1.01-2.31], P=.02.
Other factors associated with the increased risk of iMV for the Covid-19-related respiratory failure included
current cigarette smoking (aOR 1.80 [95%CI 1.08-3.02], P=.03), pre-existing heart failure (aOR 2.32 [95%CI
1.45-3.71], P <.001) and being admitted to UAB before July 15, 2020 (aOR 1.97 [95%CI 1.39-2.79], P <.0010.

Same-hospital 90-day readmissions among Covid-19 survivors.

Over a median follow up of 51 [IQR 28-82] days, 170 (19.2%) of 887 discharged patients were
readmitted to the same hospital for any cause (Table 1). Among those who were re-hospitalized, the median
time to readmission following the index discharge was 10 days [IQR 4-29 days]. The proportion of persons with
same-hospital readmission among those with baseline RAAS inhibitor use was 23.5%, compared to 16.7%
among those who were not prescribed RAAS inhibitors (P=0.01) (Table 1). In the fully adjusted Cox
proportional models, accounting for death as a competing risk, baseline RAAS agent use was not associated
with readmissions (Table 3). Compared to White patients, patients of the Hispanic/Latino/Asian or other
race/ethnicity were less likely to be readmitted (aHR 0.42, 95% CI 0.20-0.90). African-American race was not
statistically significantly associated with hospital readmission (aHR 1.11, 95% CI 0.78-1.60). Among the
chronic medical conditions only diabetes was significantly associated with higher risk for same-hospital

readmission after the index Covid-19 admission (aHR 1.56, 95%CI 1.02-2.94).

Discussion.

This study presents data from 1024 patients with Covid-19 admitted to a teaching hospital in Alabama.
Results of this study support the safety of maintaining patients with chronic conditions on ACEis and ARBs
during the Covid-19 pandemic and expands previous reports by demonstrating the protective effect of the

ACEis/ARBs from mortality in a racially diverse sample of patients with Covid-19. Among patients with

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



Page 11 of 30 BMJ Open

oNOYTULT D WN =

hypertension, the use of ACEis/ARsB prior to contracting Covid-19 was associated with a reduction in the
likelihood of endotracheal intubation by nearly 40%. Further, ACEi/ARB use was not associated with greater
need for ICU—level care or with an increase in the same-hospital readmissions.

Baseline use of ACEi/ARB was associated with 40% lower in-hospital mortality in patients with Covid-
19, after controlling for potential confounders such as age, sex, race, obesity, smoking, and chronic medical
conditions. These results were similar in the sample of patients who had any indication for RAAS inhibitors,
and in patients with hypertension. Previous research has shown no association between the use of RAAS
inhibitors and susceptibility to Covid-19,?° and has demonstrated the safety of continuing these medications
during the pandemic!®!121, Similary to our results, in 1.4 million patients with hypertension, heart failure,
diabetes, kidney disease, or ischemic heart disease registered in the Swedish National Patient Registry,
ACEi/ARB use was associated with a reduced mortality in Covid-19 cases (aHR 0.89, 95% CI [0.82-0.96]).
Our study expands on previous findings by demonstrating both safety and reduction in Covid-19-related
mortality associated with RAAS inhibitor use in a racially diverse sample where 50% of patients were African
American. Potential mechanisms of protective effects of ACEi/ARB in Covid-19 are not well understood. One
of the potential explanations of the decreased mortality among patients on ACEi/ARB medications prior to
Covid-19 is that patients’ chronic conditions were better controlled before the infection, which, in turn, reduced
complications of Covid-19. Another body of research suggests that prolonged RAAS use may, in fact,
downregulate ACE2 receptor expression, limit inflammation and reduce lung injury in Covid-1923-%3.
Unfortunately, the design of our study does not allow us to prove or disapprove this hypothesis.

Half of the patients hospitalized with the Covid-19 infection in our sample were African American,
whereas the proportion of African Americans in Alabama is only 26.7%. This finding highlights the racial
disparity in the Covid-19 pandemic, in which a higher proportion of African Americans developed severe
Covid-19 infection, requiring hospitalization?®, compared to Whites. African Americans were also more likely
to require iMV in our study. However, similar to other studies of Covid-19 outcomes in the US?’, race was not

an independent predictor of death or hospital readmission in our study.

10
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Our findings confirm previous observations that advanced age, obesity, and comorbidities are associated
with death from Covid-19 %28, Importantly, more than 30% of our patient sample admitted with severe Covid-
19 had pre-existing heart failure, a rate almost ten times higher than the prevalence of heart failure in the
general population. Heart failure was the only chronic condition, in addition to age and obesity in our sample,
that was independently associated with increased in-hospital mortality from complications related to Covid-19.
Patients with heart failure were also at increased risk of developing respiratory failure, requiring iMV. These
represent a particularly vulnerable group requiring special attention from healthcare to reduce mortality and
morbidity from the Covid-192° 30,

The rate of same-hospital readmissions among Covid-19 survivors was 19%, similar to that in a recent
study of the patients with Covid-19, treated in the Veterans Affairs hospital system?3! but higher, than in other
reports estimating that only 3-10% of patients were re-hospitalized after the index Covid-19 admission3?33. The
high rates of hospital readmission in our study sample may be explained by the high level of chronic disease
prevalence and worse general health in the general population of Alabama. Importantly, diabetes was
significantly associated with increased re-admission risk among Covid-19 survivors. Alabama has the third
highest prevalence of diabetes among adults (14%) in the United States, according to the National Diabetes
Statistics Report-2020 by the Centers of Disease Control. Our findings are likely to extend to states with a
similar high prevalence of diabetes mellitus and underscore the importance of close outpatient follow-up of this
at risk population.

Study limitations include limited geographical area and single hospital site. The data on out- of-hospital
mortality and same-hospital readmissions may be incomplete, as some Covid-19 patients may have been
readmitted to other area hospitals. On average 30% of patients originally admitted to the UAB hospital are re-
admitted to other hospitals. The observational retrospective nature of this study does not allow drawing causal
inferences. Additionally, residual unmeasured confounding, such as socio-ecomonic status, may influence study
results. EHR data regarding pre-existing medical conditions and smoking may be incomplete. Strengths of the

study include a large racially diverse sample from the US Southeast, a region disproportionally affected by

11
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Covid-19 and high prevalence of multiple comorbidities. Further, we were able to develop a robust approach to

1

2 . . . .

3 extraction of data from EHR and assemble a cohort of the patients with Covid-19.

4

5

6 In conclusion, in this retrospective study the use of RAAS inhibitors was associated with decreased in-
7

8 hospital mortality from Covid-19 in a racially diverse sample. RAAS inhibitor use was not associated with ICU-
9

:(1) level care or hospital readmissions in the cohort of patients with Covid-19, while patients with diabetes were at
12

13 ahigh risk for same-hospital readmission. Among patients with hypertension, baseline RAAS inhibitor use was
15 associated with a reduced risk of invasive mechanical ventilation. This retrospective study may support the
continuation of RAAS inhibitors during the Covid-19 pandemic unless there are contraindications for these

pharmacological agents.
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Figure 1. Covid-19 In-Hospital Mortality, Hazard Ratio, 95% Confidence Intervals for ACEi/ARB

Use.

Legend. Figure 1 presents crude and adjusted hazards ratios and 95% confidence intervals for in-hospital
Covid-19 mortality. Indications for ACEi/ARB use included hypertension, chronic kidney disease, coronary
artery disease, diabetes and heart failure. Overall model adjusts for age, race, sex, marital status, smoking, BMI
categories, and medical conditions: hypertension, chronic kidney disease, coronary artery disease, diabetes,
heart failure, HIV, COPD, history of solid organ transplant. Among those with indication for RAAS inhibitor,
model adjusts for age, race, sex, marital status, smoking, BMI categories, and medical conditions: HIV, COPD,
history of solid organ transplant. Among those with hypertension, model adjusts for age, race, sex, marital
status, smoking, BMI categories, and medical conditions: chronic kidney disease, coronary artery disease,

diabetes, heart failure, HIV, COPD, history of solid organ transplant.

Figure 2. Intensive Care Use, Odds Ratio, 95% CI for ACEi/ARB Use.

Legend: Figure 2 presents crude and adjusted odds ratios and 95% confidence intervals for in-hospital
Covid-19 mortality. Indications for ACEi/ARB use included hypertension, chronic kidney disease, coronary
artery disease, diabetes and heart failure. Overall model adjusts for age, race, sex, marital status, smoking, BMI
categories, and medical conditions: hypertension, chronic kidney disease, coronary artery disease, diabetes,
heart failure, HIV, COPD, history of solid organ transplant. Among those with indication for RAAS inhibitor,
model adjusts for age, race, sex, marital status, smoking, BMI categories, and medical conditions: HIV, COPD,
history of solid organ transplant. Among those with hypertension, model adjusts for age, race, sex, marital
status, smoking, BMI categories, and medical conditions: chronic kidney disease, coronary artery disease,

diabetes, heart failure, HIV, COPD, history of solid organ transplant.

Figure 3. Respiratory Failure, requiring Invasive Mechanical Ventilation, Odd Ratio, 95%

Confidence intervals, for ACEi/ARB Use
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Legend. Indications for ACEi/ARB use include hypertension, chronic kidney disease, coronary artery

disease, diabetes and heart failure. Overall model adjusts for age, race, sex, marital status, smoking, BMI

categories, and medical conditions: hypertension, chronic kidney disease, coronary artery disease, diabetes,

heart failure, HIV, COPD, history of solid organ transplant, time of admission (before vs. after July 15, 2020).

Among those with indication for RAAS inhibitor, model adjusts for age, race, sex, marital status, smoking, BMI

categories, and medical conditions: HIV, COPD, history of solid organ transplant, time of admission (before vs.

after July 15, 2020). Among those with hypertension, model adjusts for age, race, sex, marital status, smoking,

BMI categories, and medical conditions: chronic kidney disease, coronary artery disease, diabetes, heart failure,

HIV, COPD, history of solid organ transplant, time of admission (before vs. after July 15, 2020).
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Table 1. Characteristics of patients, admitted to UAB hospital with Covid-19, between March 1 and September 16, 2020

Overall sample, No ACEI/ARB Use, ACEIi/ARB use, P-value
n=1024 n=659 n=365
n, (%) n, (%) n, (%)
Socio-Demographics
Age, mean, SD, years 57.0 (18.8) 53.3 (19.7) 63.7 (14.9) <0.001
Age, categories, years <0.001
18-40 241 (23.5) 211 (32.0) 30 (8.2)
41-64 395 (38.6) 234 (35.5) 161 (44.1)
65-74 202 (19.7) 110 (16.7) 92 (25.2)
75 and older 186 (18.2) 104 (15.8) 82 (22.5)
Race <0.001
White 384 (37.5) 254 (38.5) 130 (35.6)
African American 532 (52.0) 318 (48.3) 214 (58.6)
Hispanic or Latino 63 (6.2) 57 (8.6) 6 (1.6)
Other 20 (2.0) 12 (1.8) 8(2.2)
Declined to report 25 (2.4) 18 (2.7) 7(1.9)
Male 514 (50.2) 319 (48.4) 195 (53.4) 0.12
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Married 414 (40.4) 270 (41.0) 144 (39.5) 0.64
Smoking status 0.09
Never 533 (59.6) 344 (62.3) 189 (55.1)
Current 98 (10.9) 58 (10.5) 40 (11.7)
Former 264 (29.5) 150 (27.2) 114 (33.2)

Comorbidities
Body Mass Index (BMI), kg/m2: 0.24

Underweight, BMI < 18.5 7(2.7) 16 (2.5) 11 (3.1)
Normal Weight, BMI=18.5-24 227 (22.5) 159 (24.5) 68 (18.9)
Overweight, BMI=25-30 268 (26.6) 168 (25.8) 100 (27.9)

Obese, BMI =30 and above 487 (48.3) 307 (47.2) 180 (50.1)
Hypertension 493 (48.1) 204 (31.0) 289 (79.2) <.001
Coronary Artery Disease 340 (33.2) 149 (22.6) 191 (52.3) <.001
Diabetes 210 (20.5) 1(10.8) 139 (38.1) <.001
COPD 138 (13.5) 52 (7.9) 86 (23.6) <.001
Heart Failure 323 (31.5) 131 (19.9) 192 (52.6) <.001
Chronic Kidney Disease 325(31.7) 139(21.1) 186(51.0) <.001
HIV Positive Status 75 (7.3) 24 (3.6) 51 (14.0) <.001
Sickle Cell Disease 0(1.0) 7(1.1) 3(0.8) 0.71
Recipient of solid organ 0 (3.9) 16 (2.4) 24 (6.6) 0.001

transplant

In-hospital Events*

Admission after July 15, 2020 621 (60.6) 398(60.4) 223(61.1) 0.83
Required Intensive Care Unit 466 (45.5) 287 (43.6) 179 (49.0) 0.09
Invasive mechanical ventilation 276 (27.0) 179 (27.2) 97 (26.6) 0.84
In-hospital Death 137(13.4) 96 (14.6) 41(11.2) 0.13

cunivors of the ndo aamssion =877 =563 n=324

All-cause same-hospital 170 (19.2) 7 (16.7) 6 (23.5) 0.01
readmission (during March 1-

September 16,2020)

Death from any cause after 16(1.8) 9(1.0) 7(2.2) 0.54
index admission

Cumulative Mortality (death 153 (14.9) 105 (15.9) 8(13.2) 0.23

during March 1-September
16,2020)

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

18



oNOYTULT D WN =

BMJ Open

Page 20 of 30

Abbreviations: ACEi — Angiotensin-converting enzyme inhibitor, ARB — angiotensin receptor blocker, COPD — chronic
obstructive pulmonary disease, HIV — Human Immunodeficiency virus, SBP- systolic blood pressure, SD — standard

deviation

Table 2. Factors, associated with in-hospital mortality among patients with Covid-19,
admitted to UAB hospital, between March 1 and September 16, 2020. Multivariable-
adjusted Cox proportional hazards regression model.

aHR 95% ClI P-value
ACEIi/ARB Use 0.56 0.36 0.88 0.01
Age, years: <0.001
18-40 ref - - -
40-64 1.69 0.82 3.52
65-74  4.07 210 9.24
75 and older 5.53 2.52 1214
Race: 0.55
African American 0.88 0.60 1.29
Hispanic/Latino/Asian/Other 0.68 0.32 1.45
White ref
Male 1.43 0.97 2.10 0.07
Married 0.91 0.63 1.34 0.64
Current Smoker 1.04 0.51 214 0.91
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Body Mass Index, kg/m2: 0.001

<18.5 1.91 0.63 5.79
18.5-24 ref

25-29 1.39 0.81 2.37

30 and above 2,50 1.54 4.06

Hypertension 0.91 0.52 1.57 0.73
Coronary Artery Disease 0.78 0.57 1.20 0.26
Chronic Kidney Disease 0.87 0.54 1.38 0.54
Heart Failure 1.96 1.21 3.15 0.006
Diabetes 1.07 0.62 1.84 0.98
COPD 1.07 0.58 1.95 0.84
HIV 1.51 0.76 3.03 0.23
Solid organ transplant recipient 1.56 0.61 3.96 0.35

Abbreviations: ACEi — Angiotensin-converting enzyme inhibitor, ARB — angiotensin receptor blocker, Cl-confidence
interval, COPD — chronic obstructive pulmonary disease, aHR- multivariable-adjusted hazard ratio.

Table 3. Factors associated with same-hospital readmission among patients with Covid-
19, between March 1 and September 16, 2020. Multivariable-adjusted Cox proportional
hazards regression model. Death after index admission is accounted as a completing
risk.

aSHR 95% CI p-value
Use of ACEi/ARB 1.19 0.82 1.72 0.37
Age, years: 0.23
18-40 ref - - -
40-64 0.90 0.59 1.37
65-74 0.75 0.44 1.27
75 and older 0.54 0.29 1.01
Race: 0.04
African American 1.1 0.78 1.60
Hispanic/Latino/Asian/Other 0.42 0.20 0.90
White ref
Male 1.01 0.71 1.43 0.95
Married 1.32 0.94 1.86 0.11
Current Smoker 0.70 0.40 1.20 0.19
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Body Mass Index, kg/m2: 0.05

<18.5 1.20 0.53 2.71

18.5-24 ref

25-29 0.69 0.44 1.07

30 and above 0.59 0.39 0.90
Hypertension 0.84 0.51 1.38 0.48
Coronary Artery Disease 0.87 0.58 1.29 0.47
Chronic Kidney Disease 1.19 0.76 1.86 0.46
Heart Failure 1.41 0.92 2.16 0.11
Diabetes 1.56 1.02 2.39 0.04
COPD 1.28 0.76 2.14 0.36
HIV 0.92 0.50 1.70 0.79
Solid organ transplant recipient 0.84 0.39 1.81 0.66

Abbreviations: ACEi — Angiotensin-converting enzyme inhibitor, ARB — angiotensin receptor blocker, Cl-confidence
interval, COPD — chronic obstructive pulmonary disease, aSHR- multivariable-adjusted sub-hazard ratio.

Bold p-value < .05
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Figure 1. Covid-19 In-Hospital Mortality, Hazard Ratio, 95% Confidence Intervals for ACEi/ARB Use.
Legend. Figure 1 presents crude and adjusted hazards ratios and 95% confidence intervals for in-hospital
Covid-19 mortality. Indications for ACEi/ARB use included hypertension, chronic kidney disease, coronary

artery disease, diabetes and heart failure. Overall model adjusts for age, race, sex, marital status, smoking,
BMI categories, and medical conditions: hypertension, chronic kidney disease, coronary artery disease,
diabetes, heart failure, HIV, COPD, history of solid organ transplant. Among those with indication for RAAS
inhibitor, model adjusts for age, race, sex, marital status, smoking, BMI categories, and medical conditions:
HIV, COPD, history of solid organ transplant. Among those with hypertension, model adjusts for age, race,
sex, marital status, smoking, BMI categories, and medical conditions: chronic kidney disease, coronary
artery disease, diabetes, heart failure, HIV, COPD, history of solid organ transplant.
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Figure 2. Intensive Care Use, Odds Ratio, 95% CI for ACEi/ARB Use.

Legend: Figure 2 presents crude and adjusted odds ratios and 95% confidence intervals for in-hospital
Covid-19 mortality. Indications for ACEi/ARB use included hypertension, chronic kidney disease, coronary
artery disease, diabetes and heart failure. Overall model adjusts for age, race, sex, marital status, smoking,
BMI categories, and medical conditions: hypertension, chronic kidney disease, coronary artery disease,
diabetes, heart failure, HIV, COPD, history of solid organ transplant. Among those with indication for RAAS
inhibitor, model adjusts for age, race, sex, marital status, smoking, BMI categories, and medical conditions:
HIV, COPD, history of solid organ transplant. Among those with hypertension, model adjusts for age, race,
sex, marital status, smoking, BMI categories, and medical conditions: chronic kidney disease, coronary
artery disease, diabetes, heart failure, HIV, COPD, history of solid organ transplant.
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Figure 3. Respiratory Failure, requiring Invasive Mechanical Ventilation, Odd Ratio, 95% Confidence
intervals, for ACEi/ARB Use
Legend. Indications for ACEi/ARB use include hypertension, chronic kidney disease, coronary artery disease,
diabetes and heart failure. Overall model adjusts for age, race, sex, marital status, smoking, BMI categories,
and medical conditions: hypertension, chronic kidney disease, coronary artery disease, diabetes, heart
failure, HIV, COPD, history of solid organ transplant, time of admission (before vs. after July 15, 2020).
Among those with indication for RAAS inhibitor, model adjusts for age, race, sex, marital status, smoking,
BMI categories, and medical conditions: HIV, COPD, history of solid organ transplant, time of admission
(before vs. after July 15, 2020). Among those with hypertension, model adjusts for age, race, sex, marital
status, smoking, BMI categories, and medical conditions: chronic kidney disease, coronary artery disease,
diabetes, heart failure, HIV, COPD, history of solid organ transplant, time of admission (before vs. after July
15, 2020).
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Reporting checklist for cohort study.
Based on the STROBE cohort guidelines.

Instructions to authors

Complete this checklist by entering the page numbers from your manuscript where readers will find

each of the items listed below.

Your article may not currently address all the items on the checklist. Please modify your text to
include the missing information. If you are certain that an item does not apply, please write "n/a" and

provide a short explanation.
Upload your completed checklist as an extra file when you submit to a journal.

In your methods section, say that you used the STROBE cohortreporting guidelines, and cite them

as.

von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke JP. The Strengthening
the Reporting of Observational Studies in Epidemiology (STROBE) Statement: guidelines for

reporting observational studies.

Page
Reporting Item Number

Title and abstract
Title #1a Indicate the study’s design with a commonly used term in the 2

title or the abstract
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Abstract

Introduction

Background /

rationale

Objectives

Methods

Study design

Setting

Eligibility criteria

Eligibility criteria

Variables

Data sources /

measurement
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#4

#6a

#6b

#8

BMJ Open

Provide in the abstract an informative and balanced summary

of what was done and what was found

Explain the scientific background and rationale for the

investigation being reported

State specific objectives, including any prespecified

hypotheses

Present key elements of study design early in the paper

Describe the setting, locations, and relevant dates, including
periods of recruitment, exposure, follow-up, and data

collection

Give the eligibility criteria, and the sources and methods of

selection of participants. Describe methods of follow-up.

For matched studies, give matching criteria and number of

exposed and unexposed

Clearly define all outcomes, exposures, predictors, potential
confounders, and effect modifiers. Give diagnostic criteria, if

applicable

For each variable of interest give sources of data and details
of methods of assessment (measurement). Describe

comparability of assessment methods if there is more than
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variables

Statistical

methods

Statistical
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methods

Statistical
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methods
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Results

Participants
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one group. Give information separately for for exposed and

unexposed groups if applicable.

#9 Describe any efforts to address potential sources of bias 5
#10 Explain how the study size was arrived at 4
#11 Explain how quantitative variables were handled in the 5
analyses. If applicable, describe which groupings were
chosen, and why
#12 Describe all statistical methods, including those used to control for
a confounding
#12 Describe any methods used to examine subgroups and 5
b interactions
#12 Explain how missing data were addressed 5
C
#12 If applicable, explain how loss to follow-up was addressed n/a
d
#12 Describe any sensitivity analyses
€
#13 Report numbers of individuals at each stage of study—eg 6
a numbers potentially eligible, examined for eligibility, confirmed
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eligible, included in the study, completing follow-up, and
analysed. Give information separately for for exposed and

unexposed groups if applicable.

Give reasons for non-participation at each stage n/a

Consider use of a flow diagram

Give characteristics of study participants (eg demographic, 6
clinical, social) and information on exposures and potential
confounders. Give information separately for exposed and

unexposed groups if applicable.

Indicate number of participants with missing data for each variable of

interest

Summarise follow-up time (eg, average and total amount)

Report numbers of outcome events or summary measures over time.
Give information separately for exposed and unexposed groups if

applicable.
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Main results #16

Main results #16
b

Main results #16
c

n/a

Other analyses #17

Discussion

Key results #18

Limitations #19

Interpretation #20

Generalisability #21

Other Information

BMJ Open

Give unadjusted estimates and, if applicable, confounder-
adjusted estimates and their precision (eg, 95% confidence
interval). Make clear which confounders were adjusted for

and why they were included

Report category boundaries when continuous variables were

categorized
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7,8

If relevant, consider translating estimates of relative risk into absolute

risk for a meaningful time period

Report other analyses done—eg analyses of subgroups and

interactions, and sensitivity analyses

Summarise key results with reference to study objectives

Discuss limitations of the study, taking into account sources of
potential bias or imprecision. Discuss both direction and

magnitude of any potential bias.

Give a cautious overall interpretation considering objectives,
limitations, multiplicity of analyses, results from similar

studies, and other relevant evidence.

Discuss the generalisability (external validity) of the study

results
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Funding #22  Give the source of funding and the role of the funders for the 11
present study and, if applicable, for the original study on

which the present article is based
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9 The STROBE checklist is distributed under the terms of the Creative Commons Attribution License

CC-BY. This checklist was completed on 28. May 2021 using https://www.goodreports.org/, a tool

14 made by the EQUATOR Network in collaboration with Penelope.ai
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